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TWENTY-FIRST ANNUAL 
Repor~ lof ~he State Geologi~t 
IOWA GEOLOGICAL SURVEY, 
DES MOINES, December 31, 1912. 
To Gover.nor B. F. Carroll and Members of the Geological Board: 
Gentlemen: I have the ;honor to report that during the year 
1912 the work of the Iowa Geological Survey was carried forward 
in accordance wlth the plans approved by you at the beginning of 
the field season. Some new lines of work of great value . to the 
stat'e were begun, and some important investigations which were 
. . 
commenced in previous years were completed. The work of the 
Survey for the year 1912 may be summarized as follows: 
AREAL GEOLOGY 
IDetailed areal work and geological mapping was begun in 
Audubon and Shelby, in Adair and in Lucas counties, and the 
surveys of Floyd and Clarke counties, upon which considerable 
work had already been done, were continued. The work in Audu-
bon and Shelby counties was done by Prof. B. Shimek, in Adair 
eounty by Prof. J. E. Gow, in Floyd county by Prof. A. O. 
Thomas, in Clarke courity by Prof. ·John L. Tilton, and in Lucas 
cO,unty by the Director of the Survey. 
ROAD AND CONCRETE MATERIALS 
. Prof. S. W. Beyer and his assistants completed the field work 
on the road and,concrete materials of the state. Some work in 
the laboratory has yet to be done before this important investi-
gation will be completed: Professor Beyer will submit his manu-
script for publication in 1913 . . 
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INDUSTRIAL WATERS 
During the summer Professor Beyer with one field assistant 
began the study of the surface waters of Iowa in order to ascer-
tain with definiteness 'their industrial applic,ability. .Cor.pora-
tions and communities are in need of reliable information re-
garding the waters which ar'e being used for industrial purposes. ' 
:Undoubtedly great waste results where waters are used for pur- . 
poses for which they are by no mea;ns adapted. 
ARTESIAN WATER,S 
During the year a most thorough and valuable report on the 
artesian waters of the state was published by the Iowa Geological 
Survey in cooperation With the United States Geological Survey. 
This report is proving to be of great value to city officials, :r;epre-
sentatives of railways and other corporations, and to private citi-
zens who are seeking information with reference to the water 
supplies of their respective localities. It is shown in this report 
that the underground waters of Iowa fall into two groups, name-
ly, shallow or local waters and artesian waters. The former 
comprise those waters which are available for home, farm and 
village supply, and which commonly lie less than one hundred 
feet and rarely more' than five hundred feet below the surface. 
They are usually obtained from bored, drilled, or driven wells 
and 'are fed directly by local rainfall, absorbed through the soils 
above. The artesian waters belong to !ock strata below the 
country rock and circulate through the more 'permeable layers, 
under greater or less pressure. Wells ' penetrating tQ these 
waters are artesian wells whether they flow at 'the surface or not. 
, Furthermore, the report shows that a sufficient knowledge of 
the attitude and nature of the deeper rocks of Iowa has been 
.gained to permit satisfactory· forecasts to be made in nearly all . 
parts of the tate relative to the depth at which artesian water 
may be found, 'its pressur~ , quantity, quality and availabiiity for 
specific uses, and in. the. report forecasts are given for all tow,ns , 
of the ' state whose populations indicate that ,an artesian supp~y " 
may 'be needed, ' and in which the artesian field has not been '" 
, already fully exploited. 
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A part ,of the report deals. with the, chemical characters of the 
waters. The inorganic chemical substances have been deter-
mined in average and representative well waters in· many 10 cali-
ties of the state; 
For the purposes of this report the state was divided into eight 
districts as follows: Northeast, East Central, Southeast, South 
Central, Central, North Central, Southwest and Northwest. 
Within each of these districts the county is· taken as the unit. 
In connection with each county information is given with regard 
to the topography, g·"ology, sources and distributi~n of ,the water 
supply, and the city and village supplies. Tables are given coJi-
taining important facts in connection with the typical wells .of 
the county . . 
The report was. prepared by Prof. W. H. Norton and several 
collaborators. That part of the report dealing with the chemi-
cal characters of the waters was prepared by Professor Hen-
drixson. 
THE DOLOMITES OF THE STATE 
There is 'probably no place in the world where limestones and 
dolomites offer more interesting problems than in Iowa. The 
dolomites are the rocks which, near Maquoketa 'and 'elsewhere, 
are being used extensively for . lime-making. ·They are, more-
over, the rocks within which the lead and zinc deposits of Du-
buque and ;:tdjacent areas are found. The_ Survey has under-
taken a thorough study of these dolomites in order to ascertain 
not only their ori.gin and composition but if possible their influ-
ence upon the deposition of metallic salts. The investigation 
has been undertaken by Francis M. Van Tuyl. 
BIBLIOGRAI>HY OF IOWA GEOLOGY 
In the year 1894 the Iowa Geological Survey issued a bibli-
ography of Iowa geology. The geological literature which has 
appeared since that date is so extensive that it seemed V(;lry 
desirable that a new bibliography be prepared. The Survey was 
fortunate in securing to prepare this new bibliography Dr. 
Charles Keyes, who was the author of the bibliography of 1894. 
I • \ , 
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_ WATER POWER POSSIBILITIES IN IOWA . 
, . . 
Before' a safe statement can be made with regard to the water 
power 'pbssibilities in" any state it is necessa~y to ascertain much 
detailed ~for.mation, as a'result of investigations extending over 
several years. These investigations include: 
First, ,daily stream gaging work at many places on the 
streams of the state for a period of years in order that the rM-
'ords maY- cover a cycle of low and high water periods of run-off. 
Second, a detailed survey of the chief streams of the state in-
cluding lakes and reservoir sites, dam sites; etc. ' 
Third, the maJdng of numerous discharge measurements at 
various times during the year and extending ove~ a series of 
years at all the stations where gage readings are being made. 
This kind of work requires the expenditu're of fairly large , 
sums of money. For instance, the State of Minnesota in cooper-
ation wit~ the United States Geological Survey has spent during 
the past few years about $53,000 in ascertaining the water power 
possibilities of that state. Last year Illinois spent more than 
$2,000 in this work and expects to spend an equivalent amount or 
more during each of several years. Up to the present time it has 
been possible for the Iowa Geological Survey to spend only a 
small sum for this important w9rk. Three gaging stations 
have been maintained and some discharge measurements are 
being made each year. These stations are at Fort Dodge and 
Keosauqu~ on the Des Moines river ~n~ at iowa Falls on the 
Iowa river. Readings 'are being made at Cedar Rapids by the 
Iowa Weather Bureau; and a gaging station is maintained by a 
private party at Stone City on the Wapsipinicon river. Unless 
,additional appropriations are made available, it will be impos-
~ible to do more than is being done at present and it will be 
many years before complete and authoritative reports can be 
published. ' 
Although complete data are not available for the State of 
Iowa, estimates have been made with regard to the wa;ter powers 
, of some of the Iowa strea:rp.s. Mr. M. O. Leighton, in the report 
6f iKe Iowa Stat~ Drainage, Waterways and Conse~ation Com-
,mission, makes the following stateni~nts on page 1'22 ~ 
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Drainage Systems 
Western tributaries, Mississippi River ___________________ _ 
Northern tributaries, Missouri River ______________ ,. _____ _ 
Des Moines River ___________ : _____________________________ _ 
13ig Sio.~ Rive~ ~ ________________________________________ _ 
WapSIpInICOn Rlver ________________________ ~ ____________ _ 
~otals ____________________________________________ _ 
Max.H.P~ Min.H.P. 
33,000 
7,000 
194,000 
2,800 
10,700 
247,500 
,14,000 
5,100 
52,300 
1,500 
4,380 
77,280 
With regard to what ought to be done in the way of legislation ' 
to protect the people of any state in connection with the water 
powers is a question, says Mr. W. G. Hoyt, of the Water Re-
sources Branch of the United States Geological Survey, that is 
commanding the best thought and consideration of the people of 
this country. He says: 
"The different States and Federal Government, it would see,m 
to me, have been unable as yet to decide upon the best way Qf 
handling, the whole proposition. :rn~view of the many conflicting 
ideas on the subject, the safest method for a state to follow, in 
my mind, is to endeavor to make a detailed study regarding the 
. water resources, in order that when the time comes for :final set-
tlement, all the facts of the case will be available." 
It seems highly desirable that a detailed study be made of the 
water powers of Iowa,especially if legislation is introduced with 
a view to regulating water power as a public utility. If sufficient 
funds were available the study should include the following: 
First. Collection of all existing facts regarding stream flow, . 
river surveys, water power and water storage studies; 
Second. The establishment of gaging stations on all the im-
portant streams of the state and the maintenance of them for a 
period of not less than ten years. 
Third. The survey of all rivers which have not been surveyed 
in order that all the developed and undeveloped sites can be sur-
n~~ " 
Fourth. The survey of possible reservoir sites in 'order that 
studies can be made regard~ng the future regulation of stream 
flow for power purposes and flood prevention . . 
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Fifth. The pUblication of such data as -are -avatla15le either as 
preliminary ' reports from time to time or waiting a period of 
from three tonve years and publishing one complete fi:Q.al report. 
" ' 
, The Survey contemplates publishing as soon as suffl.ci ent factf;! 
are available 'a preliminary report on the water power possibili: 
ties of Iowa, but it is much to be desired that -at an early date 
sufficient funds be appropriated to enable the Iowa Geological 
Survey to undertake the study of the streams Of -Iowa: -in -as 
thorough a manner as is being done by some of our neighboring 
states. 
CO-OPERATIVE TOPOGRAPHIC UAPPING* 
For' a numbE;lr of years the United States Geological Survey, as 
a part of its work of mapping the area of the United Stat€)s, has 
been making topographic maps of portion~ of Iowa and in re-
I 
cent years the Iowa Geological Survey ha.s cooperated in , this 
work of mapping our state. The areas covered by thej3e maps 
are ' called quadrangles and are bounded by meridians' of longi-
tude and parallels of latitude rather than by political boundary 
lines. Hence they may include portions of two or three states, 
as in the case of the Elk Point sheet, which covers parts of Ne-
braska, South Dakota and Iowa. These maps, in addition to 
showing natural features, as rivers and lakes, and cultural fea-
tures, such as towns, wagon roads and railroads, show by me'ans 
of contour lines the elevations of the included area. The con-
I , 
, tour lines pass through all points having the same altitude, 
hence their closeness or distance indicates the steepness or flat-
ness of the surface. All the topographic maps covering parts of 
Iowa have a contour interval of twenty feet; that is, the inter-
val between contour lines represents a vertical distance of 
twenty feet on the ground. 
Maps having a scale of 1 :62500 cover an area one-fourth de-
gree or fifteen minutes in length and breadth; that is, one-six-
teenth of a square degree. The maps whose scale is 1 :125000 
are one-half degree in dimensions and have an area of one~ 
fourth square degree . 
• Statement and table prepared by .James H. Lees, 
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'With a few exceptions, the maps are published on a sheet ahout 
16x20 inches in size. The Omaha and vicinity sheet is 22x32 
inchf;ls in size. In many cases an explanation of the maps is 
printed on the bilCk of the sheet. 
These maps .may be purchased from the Iowa Geological Sur-
vey, D~s Moines, or from the United States Geological Survey, 
Washington, D. C. 
Name of Map 
Amana" _____________________ _ 
Ames _______________________ _ 
Anamosab ------------- -------Baldwin· _______ _____________ _ 
Oanton (S. Dak.·Iowa) _____ _ 
Oedar Rapids· ______________ _ 
Olinton (Iowa·ill.)' ______ __ _ 
Oordova (Iowa·Ill.)' _______ _ 
Davenport (Iowa-ro.). ____ _ Decorah ____________________ _ 
Des Moines _____ _____________ _ 
Dewitte _____________________ _ 
Durante ____________________ _ 
Elk Point (S. Dak.-Neb.-Iowa) ________________ .: ___ _ 
Elkader (Iowa-Wis.) _______ _ Fairfax· ___________________ _ 
Farleyb ________ " ___________ _ 
Goose Lake (Iowa-IlI.)d ____ _ Iowa Oity" ________________ _ 
Kahoka (Mo. -Iowa-III.) ____ _ Knoxville ___________________ _ 
Lancaster (Wls.-Iowa-Ill.) __ 
LeOiaire (Iowa-I1!.)d _______ _ Madrid ______________________ _ 
MaQuoketac -----------------arlonf ___________________ _ 
Mechanicsvillei' ______________ _ 
Milan _______________________ _ 
Milo ________________________ _ 
Monticellob -----------------Nebraska Olty (Neb.-Iowa-Mo.) ______________________ _ 
Oelwein ____________________ _ 
Omaha and vicinity (Neb.-Iowa) ____________ ~ __ _ Oxford' ___________________ _ 
Pella _________________________ _ 
Peosta (Iowa-IlI.)C ________ _ 
Rock Island (Iowa-III.)e ____ _ 
Savanna (Io;wa-III.) ________ _ 
Shellsburg! __________ ._" _____ _ 
Slater ______________________ _ 
Stanwood& _________________ _ 
Tipton" ___ i _________________ _ Waukee _______________ " _____ _ 
Waukon (Iowa-Wis.) _______ _ 
West Liberty" --------, _____ _ 
Wheatlande ------------------Wilton Junction" ___ __ ______ _ 
Winthrop! __________ ________ ~_ 
Counties in Iowa Included 
" 
Parts of Linn, Johnson, Iowa, Benton_c ___ _ 
Parts of Hamilton, Story, Boone ___ ________ _ 
Parts of Linn, Jones ________________________ _ 
Parts of Jackson, Olinton, Jones ___________ _ Part of Lyon ________________________________ _ 
Parts of Linn, Johnson _____________________ _ 
Part of Clinton ______________________________ _ 
Parts of Clinton, Scott _____________________ _ 
Part of Scott _____ " __________ _______________ _ 
222.50 
221.65 
221.65 
221.65 
870.90 
222 .50 
222.50 
891.73 
223.86 
1:62500 
1:62500 
1:62500 
1:62500 
1:125000 
1:62500 
1:62500 
1:125000 
1:62500 
'" -;; . 
'" 
" , 
'" 
" ;f 
10 
10 
10 
10. 
10 
10 . 
10 
10 
10 
Parts of AJIamakee, Oiayton, Fayette, Wlnneshiek _____ _____________________________ 870.90 1:125000 10 
Parts of Polk, Warren_~ ______________________ 223 .• 38 1:62500 10 
Parts of Olinton, Scott ______________________ , 222.50 11:.6622~ 1100 
Parts of Scott, Muscatine , Oedar ____________ 222.36 ""'" 
Parts of SiOUX, Plymouth ____________________ 877.91 1:125000 10 
Parts of Dubuque, Delaware, Clayton ___ ~ ___ 877.91 1:125000 10 
Parts of Linn, J 'ohnson, Iowa, Benton ______ 891 .73 1:125000 10 
Pa.ts of Dubuque, Jones, Linn, Delaware ____ 884.85 1:125000 10 Part of Ollnton ________________________________ 222.50 1:62500 10 
Parts of Johnson, Washington _______________ 223.36 1:62500 10 Part ot Lee ___________ ___ " _____________________ 911.94 1:125000 10 
Part of Marion __ _____ ___ _____ __ ___ ___________ 224 .21 1:62500 10 
Parts of Clayton, DubuQue ___________________ 877.91 1:125000 10 
Parts of Olinton, Scott ______________________ ,~3.36 1:62500 10 
Parts ot Boone, Polk, Dallas ____ ----- ~------ 222.50 1:62500 10 · Parts ot Jackson, Clinton ____________________ 221.65 1:62500 10 
Part ot Lfnn _________________________________ 221 .65 1:62500 10 
Parts of Jones, Cedar, Johnson, Llnn.. ______ 222.50 1:62500 10 Part ot Scott ________________________________ 224.21 1:62500 10 . 
Parts ot Marion, Warren, Polk ______________ 224.21 1:62500 10 Part of Jones _______________________________ ___ 221.66 1:62500 10 
Part of Fremont ____________________________ 226.73 1:62500 10 
Parts of Olayton, Delaware, Buchanan, 
Fayette 
- -- -- - - -- -- -- -- - - ---- -- -- ---- --------- 877.91 1:125000 10 
Parts ot Pottawattamie, Mms ______________ _ 459.00 1:62500 20 
Parts of Johnson, Washington, Keokuk, 
Iowa oi-M-aiiils-k~:-l\{aiion====~============== 228_36 1:62500 10 Parts 224.21 1:62500 10 
Parts of Dubuque, Jackson, Olinton, Jones 884.85 1:125000 10 
Parts ot Olinton, Scott, Muscatine, Oedar, 
Jones 891.73 1:125000 10 
Parts oi-Jackson-,--(jllIiton================== 221.65 1:62500 10 
Parts ot Linn, Ben ton ________________________ 221.65 1:62500 10 
Parts ot ·Story, Polk, Boone _________________ 222.50 1:62500 10 
Parts ot Jones, Cedar, Muscatine, Johnson , 
Linn oi-Jones~--O~dar========::..-::=========== 891.78- 1:126000 10 Parts 222_50 1:62500 10 
Parts of Polk, Warren, Madison, Dallas ____ 223 .86 1:62.';00 10 
Parts ot AJIamakee, Clayton _________________ 870_90 1:125000 10 
Parts of Cedar, Muscatine, J ohnson _________ 222_36 1:62500 10 
Parts of Clinton, Scott , Cedar, Jones ______ 222.50 1:62500 10 
Parts of Cedar, Muscatlne ___________________ 228.36 1:62500 10 
Parts ot D~laware, Linn, Benton, Buchanan 884.85 1:125000 10 
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LIST OF QU:ADRANGLES IN IOWA ' IN WHICH TOPOGRAPHIO MAPPING HAS BEEN 
WHOLLY 'OR PARTIALLY OOMPLETED; MAPS NOT YET PUBLISHED. 
'" 
-::; 
(I) (I) 
C"'", 
" Name of Map Oounties of Iowa Included .... cdQ,) (I) I 
"":::: (I) f;!ge Gi " " . ;:: 
...: f1.l Po< 
Attica ________________________ \ Parts of Marion, Monroe, Lucas ___________ \ 225.06\ 1:62500 1 10 
Boone _______________________ Parts of Hamilton, Boone, Webster _________ 221.65 1:62500 10 
Ohariton __________________ :. __ Parts of Marion, Lucas, Warren _____________ 225.00 1:62500 10 
Total area surveyed _________________________________________________ 11,890 
Total area of state ~_~ _______ --_____________________________________ ~ 56,147 
Per~e~tag~ of total area of state surveyed-________ -:________________ 21 
Note I.-The scale of 1:62500 equals approximately one mile per inch. The 
scale of 1: 125000 equals app~oximatelY two miles per inch. . 
Note '2.-A line of precise levels was run in 1905 by the United States Geo-
logical Survey along the line of the Chicago, Rock Island and Pacific Railway 
from Council Bluffs to Des Moines across Adel, Avoca, Casey, Des Moines, 
Fontanelle, Harlan, Marne, Neola, Panora, Waukee, Wiota, and Omaha and 
vicinity quadrangles. 
Note 3.-Folios have been published by the United States Geological Survey 
describing the geology of Elk Point and Lancaster quadrangles. 
Npte 4.-The United States Geological Survey has published a map of Iowa, 
without contour lines, on a scale ' of 8 miles per inch. Size of map, 28lhx41 
inches. Price 20 cents. 
'Amana, Cedar Rapids, Iowa City, and Oxford sheets, on scale of 1:62500, 
have been reduced and form Fairfax sheet, on scale of 1:125000. 
bAnamosa and Monticello sheets, on scale of 1:62500, have been reduced and 
form p~rts of Farley sheet, on scale of 1: 125000_ 
<Baldwin and Maguok~ta sheets, on scale of 1: 62500, have been reduced and 
form parts of Peosta sheet, on scale of 1: 125000. 
dClinton, Goose Lake and LeClaire sheets, on scale of 1: 62500, have been re-
duced and form parts of Cordova sheet, on scale of ' 1: 125000. 
eDavenport, Dewitt, Durant and Wheatland sheets, on scale of 1:62500, have 
been reduclld ' and form Rock Island sheet, on scale of 1: 125000. 
'Marion and Shellsburg sheets, on scale of 1: 62500, have been reduced and 
form parts of Wipthrop sheet on scale of 1: 12500Q. 
'Mechanicsville, Tipton, West Liberty, and Wilton Junction sheets, on scale 
of 1:62500, have been reduced and form Stanwood sheet, on scale of 1:125000. 
COAL INVESTIGATIONS 
The Survey has already furnished much valuable information 
about the coals of the state. Detailed studies have been made in 
the field but much laboratory investigation of our coals remains 
to be d~ne. Not only should more accurate. information be ob-
tained with respect to the composition of the coals of our state, 
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. but also with ' respect to, the conditions which affect tlie: oest 
: . ' values of the coal, the 'effect of washing our' coals; the r~te.' of . 
, deterioration of coals, etc. The expansion of markets for Iowa 
coal is a matter of great importance 'to the coal ihdustry and in-, 
directly to the people of the whole state. It will be necessary' 
in order to promote the expansion to remove certain misappre-
hensions as to the quality of the coal of Iowa and to point out the 
best methods of burning the coal to get the greatest efficiency. 
During the present year Prof. A. W. Hixson has. begun some' 
detailed chemical work on the coals ·of Iowa. Wh'en Professor 
Hixson's report is published it undoubtedly will be of great value 
to all persons who are interested in the coal industry of the 
state. 
NATURAL HISTORY BULLETINS 
, Prof. L. H. Pammel is preparing a bulletin on the weeds of 
Iowa. Each weed will be described in detail, its distribution 
Within the state will be shown, and methods of extermination 
will be given. 
Prof. B. Shimek, who is an authority on the loess, is preparing 
a bu~letin on the Mollusca of Iowa including not only those spe-
cies that are living today but those that thrived during the time 
of deposition of the loess. 
OIL AND GAS lN IOWA 
From time to time for many years statements have appeared 
in the press with regard to oil and gas having been found in' Iowa. 
Moreover, several thousands of dollars have been spent in pros-
pecting for these minerals in different parts of the state, and! 
numerous letters continue to be received by the officers of the 
Survey not only from citizens of Iowa but from persons living 
in other states asking for information as to whether or not oil 
and gas have been found or are likely to be' found in commercial 
. quantities within the state. While deveiopments 'of recent years 
I have. added .nothing new to what ha~ be:D ~itt,en ab.?~t .oi~ ~ndi 
gas III preVIOUS reports of the Survey, l~ may be w~~~· to. re~ew: 
the conditions obt~ining in Iowa. with reference to this_subject.· 
t. ~A considerable 'part of the ~tll,tetl}ent regar4ing .oli' ·~nd. gas ~a~' pr~~ared: 
! . by ' MT. James H. Lees; Assl,stant State' Geologist. . , 
• ., '..,. _ . ••• •• I "'" • 
.,' } 
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SIODX Quartzite 
Genera l Geological 8ection of Iowa . 
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, An inspection of the accompanying geological chart will reveal 
the succession of the rocks of the Iowa column and their char-
acter. The' rock at the base of the column-the Sioux Quartzite 
-is, for the most part, a dense, fine-grained rock built up of 
grains of sand closely cemented with a siliceous matrix. It is 
·practically impervious to any liquid or gaseous substance which 
II).ight be found in t~e earth's crust, and, so far as Iowa is con-
cerned, is of ullknown thickness. It was penetrated at Sioux 
City to a depth of seven 'hundred and fifty feet. 
But even more significant tha~ these facts is the evidep.ce that 
at the time the sands of this age were being laid down on the sea 
bottom in Iowa there were practically no forms of life pres-
ent in the waters. Since oil and gas are generally conceded 
to be from organic matter, plant and animal, which has suffered 
decomposition in the rocks, it is evident that in an age when liv-
ing forms were scanty there could be little, if any, oil or gas 
formed in the rocks deposited during that time. 
Beneath the Algonkian rocks are rocks of Archean age. These 
are dominantly igneous rocks and only subordinately sedimen-
tary rocks. No form of.life ever existed in igneous rock, and, so 
far as evidence inqicates, life was never plentiful in the Archean 
sedimentary rocks. From these facts it is evident that in Iowa it 
is useless to seek , for oil and gas below the . top of the Sioux 
Quartzite. 
Passing up the geological section it may be said that the rocks 
of the Saint Croix stage are for the most part rather barren of 
fossils, and that even had life been never so prolific it would 
have counted for but little ince these rocks are largely sand-
stones and hence wouJd serve as poor conservators of the life 
form !J '1which might have been present when: they were being 
formed. ,Sandstones' form excellent reseryoirs for oil and gas 
which have been generated from some .underlying productive . 
. rock. But as has been shown, the underlying rock in this case-
the Sioux Qu~rtzite-was devoid of organisms so far as we can 
learn. Hence the Cambrian rocks in Iowa offer no more fruitful 
~eld' for resea~ch than does the basement upon which they re~t'. 
.. 
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Overlying the 'Cambrian sandstones in Iowa come the dolo-
mites of the Prairie du Ohien stage and the Saint Peter sand-
stone, both of which are as barren of life forms as the rocks 
below, them. Hence it may be said with assurance that it is 
hopeless to look for gas or oil below the top of the Saint Peter 
sandstone. However' reliable this horizon and that of the Saint 
Oroix sandstones may be as produce;~ of artesian water-and 
they are our chief aquifers-they are equally as certain to bring 
only failure to the adventurer who pierces their depths with the 
expectation of getting therefrom commercial quantities of pe-
trqleum or natural gas. 
To quote here hom the discussion of this subject in the ad-
ministrative report of Dr. Samuel Oalvin, included in Volume 
XI of these reports: , . 
Next in ascending order comes the Platteville (Trenton) lime-
stone, a formation that was laid down on a sea bottom fairly 
crowded with swarming forms of life. This limestone is impure; 
it contains a large amount of clay mixed either with the ma-
terials forming the layers of stone or laid. down as beds of shale 
between the more stony layers. The Platteville formation was 
deposited under exceedingly favorable conditions for making it 
a productive source of gas and oil. It still contains large quan-
tities of bituminous matter which by the slow distillation always 
going on must yield annually considerable volumes of gaseous 
or liquid hydrocarbons. 'At all the exposures of the lower Platte, 
ville, from Dubuque northward, th~ dry shaly partings between 
the ledges of limestone afford material so rich in bitumen that 
it is easily lighted with a match; it burns freely and 'emits a 
strong oily odor. BitUI)J.inous shale, precisely like that seen in 
the natural exposures, was brought up f-rom the horizon of the 
PI~tteville in the deep well 'at Was ington, Iowa; it has beeTi 
rec'Qgnized in other deep wells; the same shale, rich in bitumen, 
probably underlies the greater part of the state. .' ' 
If then a great amount of bitumen is stored up 'in the Platte-
ville limestone ,and is constantlY,evol¥ing gas ,and, oil by slow 
distilla.ti6:n, why are Jio~ gas and oil wells as ' common ,in Iowa 
a~ , in ,th~ , p+op.uctiye regiop.s of 01;lio fl~q In.diflP.~? , .Let ;i;t, b¢,1 
answered that something more than 'p'etrol~um.-bearip.g :.rock 
it ft~ed~d ilJ;i :order' that' · oil may : be '6btat:n~~ in ' qmintitiEls \ )'f ' 
co'nimer~hilrl im1>ort'a'Irce: rt 'has b' en ' ~'~timatea' by 'PrOfessor ' 
Orton that the rocks ben~ath the surface over a very large 
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part ()~ OhIO contain at least 3,000,000 barrels of oil to the 
square mile, aIiq yet not one gallon of this can be secured by 
the drill without the concurrence of at least two other condi-
tions: (1) There must be a porous reservoir-sandstone or 
porous limestone-in which the oil or gas may accumulate" and 
this ·must 'be covered with shale or other imper.vious ,deposit to 
prevent the hydrocarbons from escaping, to the surface and be-
coming lost as fast as they are generated. But reservoir and 
cover alone will not · insure a supply. So long as the rocks lie 
flat or have a uniform dip there will be no accumulations 'of any 
importance. (2) The reservoir and cover must present a series 
of folds beneath the arches of which the oil and gas are entrapped 
and .accumulated under high pressure. Three conditions, there-
fore, must exist conjointly-the source of s~pply in some form 
of organic matter, the porous reservoir and impervious cover, 
.. and the arched or folded condition of the beds. It is the last. of 
these conditions that is wanting in Iowa. Our stratified rocks 
are not folded to any noteworthy extent. The compression and 
crushing which gave rise to the Appalachian mountains produced 
folds as far west as Indiana, and then the effects fade out. Iowa 
is too far away from other centers of crustal disturbance, such 
as the Ozark region of Missouri or the great mountain axes of 
the west; and so the rocks are without the folds which are so 
, essential to the accumulation of the fluent hydrocarbons. 
Above the Platteville rocks there are several other formations 
in Iowa which represent petroleum-bearing rocks elsewhere in 
America. The Devonian, for example, is the productive horizon 
of Pennsylvania, while the lqwer beds of the Pennsylvanian 
series have yielded great quantitIes of both oil and gas in Kansas 
and Oklahoma. In the lola and Neodesha fields of southern, 
Kansas, for: instance, the petroliferous beds are the basal strata 
0.£ the Pennsylvanian, known here as the Oherokee shales. They 
are the et(uival~.nt, in stratigraphic position and largely in com-
position of the lower part of the Des Moines stage of 10wa, t4,at ' 
part which ' bears' the ' most numerous, although 'not the 'most 
regular, coal beds. They are also 'coal-bearing in :Kansas, but , 
apparently are p.ot so in the-oil field. 
- . ...-
The'se shales in. their development in southern Kansasoffer 'an 
ap:pareIit 'contradictlon to ' the s-tate~ent made above 'under: the 
discu:ssion" of , th~ ~ecessa~ic()"ri'diti6n~ 'for ·ohtaining'·oil"and gas. 
That is~ tlie' saridstorie~, '" sarids~ " which ':are ihe' pfoa~ctive 'meIriL 
.: 
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bers; are not folded in synclines and anticlines, 'but the entire-
formation is monoclinal, with a dip to the northwest, caused 
doubtless by the Ozark uplift. The sandstones, however, occur' 
. either as lentils shut in by shale or as sandstone masses gradIng: 
off laterally irito, shale. In either case they make excellent reser-
voirs and fulfil all the essential requirements for such purpose_ 
In Iowa, unfortunately, some of the conditions on which accu-
mulation and recovery depend are a.bsent, and no commercial ' 
quantities of oil or gas have been found in these horizons; in-· 
. deed,' no accumulations at all, so far as exploration ha's gone-, 
and it must be conceded that it has been fairly thorough. Every 
deep boring, no matter what its primary object, is for the region ' 
involved and for the strata penetrated a test hole for oil and gas. 
as much as for water or mineral or what not. 
Since, as above stated, the Cherokee shales of the Kansas gas, 
and oil belt extend into Iowa, these shales as developed in south-
ern Iowa offer the best possibilities for finding the materials. 
under discussion. But it must be borne in mind that the rockS. 
of this stage are exposed immediately beneath the drift over a 
wide belt extending from Fort Dodge southeast into Missouri, . 
and that no traces of these minerals have been found in this 
great area, and further that to the southwest, where the rocks are' 
buried by later deposits, th,ey have been penetrated by numerous. 
drill holes with equally negative results, Furthermore, in Kan-
sas the oil belt becomes less productive toward the north. All 
these facts seem to militate against the likelihood of .oil or gas. 
being found in this region. However, it is quite possible, espe-
cially in southwestern Iowa, that the geological conditions under-
lying lola and Neodesha, Kansas, may exist in some limited 
areas which have not yet been explored by the drill. 
There is Qne geological series in Iowa in which natural gas is 
known to occur 'and' from which it has been utilized, namely, the 
Pleistocene, the series embracing the great drift sheets with 
their intercalated forest beds and other deposits. When the 
glaciers came down from the great northern snow fields they 
plowed up and overrode or incorporated into the load of detritus 
they ~e~e' already.carrying ·.the forests and. peat beds and otJ.1er 
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vegetatio.n living upo.n the Io.wa prairies. The gases evo.lved 
fro.m the deco.mpo.sitio.n and distillatio.n o.f these masses o.f vege-
table matter in many cases fo.und their way into. po.ckets o.f sand 
and gravel buried in the sheets o.f bo.wlder clay which the glaciera 
left upo.n their disappearance. So.me o.f these po.ckets have been 
tapped alid usable quantities o.f gas fo.und and put to. use. The 
best kno.wn lo.calities are in the neighbo.rho.o.d o.f Letts, Lo.uisa 
co.unty; and o.f Herndon in Guthrie co.unty. These po.ckets have 
co.ntinued to. yield gas t o.r several years and have kept up the 
supply 'and pressure apparently undiminished." ~ut fro.m the 
nature o.f these depo.sits it can be seen that it wo.uld be useless 
to. try to. ' increase the supply by go.ing deeper. "Where this' has 
been attempted as was do.ne at Herndo.n abo.ut six years ago. the 
. outcome has been the only on~ which could reaso.nably be expected 
and which co.uld have been prognosticated had the promoto.rs of 
the scheme be~n willing to listen to reasonable arguments. 
By way o.f summarizing what has been sa~d regarding pro.duc-
', tive ho.rizons; the following table extracted ~rom Volume XII o.f 
these repo.rts with slight additions may be inserted to sho'Y the 
geo.logical dis,tribution o.f oil and gas in the United States and 
Canada. 
TABLE SHOWING THE GEOLOGICAL DISTRIBUTION OF OIL AND 
GAS . . 
Geological Periods. 
Pleistocene or Quat-
ernary _____________ _ 
. 'l:ertiltry -----.:.--------
Localities 
No productive oil wells in deposits of this period. 
Small reservoirs of gas, in the form of sealed in 
beds of sand or gravel, occur in the glacial deposits 
at Letts, Herndon and a few other points in Iowa. 
Los Angeles and other oil-producing iocali~i~~\~:c;U­
ifornia;' : Beaumont, Texas; Jennin£'s, Loi!Jsiana; 
some oil fields in Wyoming; oil fields in 'Russia 
'and in Peru, -.. ' . . ' . . ' :'::" . 
Cretaceou~ -------~---T" Florence, Bouider a~d Pikes Peak, ColoraQo;" S~ An-
. ' tonio, Elgin and 'Corsicana, Texas; some oil .hori-
- 1 zons in Wyoming. and British Columbia. . 
.' . ',. 't . • 
. J\lrasslc . --·----·~---'-7 --
" ' • ." t ': '~~,. ( • 
, • 1 ., • I - I ' t 'l ., • .;. ',.... • J''; t " • i ~ 
In one field 'in Wyoming' oil · oc~urs ip the ' Jurassic: 
.NP productive'. weUs, !hpwe~er; ai'e ':yet known to be 
supplied from reservoirs belonging to this forma-
.. tion. -..... _::., . . _v • • ~ ., .... """. 
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GEOLOGICAL DISTRIBUTION m' OIL AND GAS-Concluded 
Geological . Periods Localities 
Triassic ______ . _________ No known oil-producing horizons in the Triassic. 
Carboniferous _______ _ 
Devonian 
Silurian 
Ordovician 
Cambrian 
Algonkian 
Upper Oarboniferous. Popo Agie field, . Wyoming; 
field in northern Oklahoma; Neodesha, Chanute, 
ek., Kansas; in southeastern Illinois. 
Lower Oarboniferous.. Central Ohio; West Vii'ginia; 
some in southeastern Illinois. 
Pennsylvania, western Ont!trio; some wells in cen-
tralOhio. 
No known productive wells, though oil occurs in the 
Medina sandstone in Canada, and the Niagara lime-
stones about Chicago are, in places, saturated with 
oil. Some traces of oil at the same horizon in 
Cedar county, Iowa. 
Oil and gas both abundant in certain localities, in 
the Trenton limestone, Gaspe, Canada; Lima and 
many other places in western Ohio; oil and gas 
:Ilields in Indiana and Kentucky. Some Platteville 
shales in Iowa are rich in bitumen. In beds of 
Quebec age, Newfoundland. 
No productive wells. 
No probability and llttle possibility of productive 
wel1s. 
Archean ______________ No possibility of productive wells. 
The accompanying sketch map of Iowa together with the 
geologic section may serve to elucidate the distribution and rela-
:tions of the various formations discussed in this report. It will 
DIS MOINI. 
Geological section from Barab-oo; Wisconsin, to Des MOines, ·Iowa, showing the 
general stratigraphy .of the region. The drift Is not shown. The chief aquifers · are 
the Saint Peter, the Jordan and the Dresbach sandstones. The line of juncture of the 
. Dre~bach sandstone and the Huronian Is hypothetical. a Des Moines; b Mississip-. 
plan; c Devonian; · II Niagaran; e Maquoketa; f Gaiena-Plattevllle; g Saint Peter ; 
11. Prairie du Chien; i Jordan sandstone; j Saint Lawrence; k Dresbach. 
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be seen that .with a few exceptio~s all the rock series dip to the 
southwest from their area of outcloP and in this direction are . 
buried beneath sediments of later 'age. The ~xceptions are the 
Algonkian-the Sio~ Quartzite-in the extreme nort:p.west cor-
ner of the state, whose . surface. pitches to the southea~t,' the 
Permian in Webster c.ounty, which simply overli~s old~;r. rocks, 
and is not certainly known to exist elsewhere in Iowa; and· the 
Cretaceous which in all its development in this s~ate lies imme-
diately ·under ·,the Pleistocene depQsits. In northwestern Iowa 
,some of the intermediate formations are .absent, and the younger 
ones overlap directly onto the oldest rocks wth,,';~ great time 
gap between, as, for .example,at Hull, whereCrE;taceous sand-
stones o~erlie truncated beds of Cambrian age. This is due to 
the reversal of the dip caused by the presence of the great mass 
of Algonkian quartzites which formed a shoreline during Cam-
brian and succeeding periods. These facts are plentioned to 
show that there is even less probability of the presence of reser-
voirs of oil or gas in this part of Iowa than to the south and east 
where the geolQgical succession is much better developed . 
.A: few well sections from different parts of the state may be of 
value to show the s'\lccession and character of the strata. The 
first well described is · of peculiar interest in that · it was sunk 
in the hope ,~f fu;L<ling oil. 
Record ' of strata in prospect hoZe at Maquoketa, .~ :'j., ..... 
: ! I 
... ,L .. _ 
,: ......... 
• ( . ..•. . 
I • 
I , 
Thickness Depth 
Feet 
H ' 
4! 
.' J. 
209 
( "' 
Feet I 
I H 
6 
, 
215. ' 
. ' 
2151 
279 
430 ~ 
4~O 
• 
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Record of strata in prospect hQZe ,Gt Maquoketa. 
Thickness Depth 
.Galena dolomite (,255 feet thick; top, 32'0 feet. abov.e sea 
level)-
Dolomite, porous, subcrystalline, gray; in log called 
"hard white shale" _______________________ A _______ :.._ , 
Dolomite, light buff, crystalline; in log, "mixed lime and shale hard" ______ :. _______ .: ____________ ' ___ _ 
Dolo,mite, light bU:ff, cherty; in angular sand _____ _ 
Decorah shJtle (15 feet 'thick; top, 65 feet above sea 
level).- . I ,_ 
Shale, bright . green, ' fissile, fossiliferous; with 
dark gray, fbssiliferous, nonmagnesian, pyritifer-
ous limestone; log-"slate and shale" ____________ _ 
Platteville limestone (46 feet thick; top, 50 feet above 
sea level)- . 
Limestone, gray, earthy, compact, nonmagnesian __ _ 
Limestone, brown, nonmagnesian, hard; in flaky chips _____________________________________________ _ 
Limestone, light gray, soft, earthy _____ .:. _______ ____ _ 
ShJtle, blue, plastic, with some chips of brown lime-
stone; in log, "slate soft, blue" (Glenwood shale 
of Iowa State Survey) ___________________ ---------
Saint Peter sandstone (59 feet thick; top, 4 feet above 
sea Ievel)-
Sandstone, clean, white; grains well rounded, mod-
erately coarse, many having diameter of 1 mil-
o limeter or more __________________________________ _ 
Continental deposits of time interval between Shak-
opee and Saint Peter (?) (241 feet thick; top, 55 feet 
below sea level)- , 
, Sandstone, fine, brick-red; considerable red argilla-
. ceous or ferric admixture; when washed in hot 
water, drillings remain pink owing to films of fer-
ric oxide on grains of quartz sand; ' grains 
rounded, many broken, said by driller to contain 
seams of red shale; in log, "red sandstone" _______ _ 
bneota dolomite (54 feet thick; top, 296 feet below sea I 
level)- , 
Dolomite, light yellow-gray; with much dark red, 
and dark brown hard fine·grained shale, some' 
light green shale, a fine yellow quartz sand, a frag- , 
ment of red fine·grained sandstone,set with pieces, 
~~:.~~~n 19~6a~~;_~I!_~~_~~:_~~!~~~~_~~~_~~~!=_~~:~ ~ t 
,,"Sfiale',-soft gray;" of log; sample 'supposed to rep.' 
rElsent . this stratum consii$ts of sand grains of, 
.. Saint Peter facies, but with an occasional grain, 
showing secondary enlargement; rather fi;Q.e, with' 
consider.able foreign red and light green shale and' 
some chert and c~ips ,Of dolomite _________________ J 
Feet 
" 
46 
79 
130 
15 
5 
7 
28 
6 
, 59 
241 
54 
Feet ' 
486 
, 565 
695 
710 
715 
722 
750 
756 
815 
1,056 
1,110 
" I 
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Record of · strata in 'prospect '-hoze at Maquoketa. 
Thickness Depth 
Cambrian: 
Jordan sandstone (80 feet thick; 350 feet below sea 
level)- . , 
"Sandstone, soft water;" of log; sample said to rep-
resent this stratum consists for the most. part of , . 
ang'tilar sand of light gray dolomite with som.e 
areha'ceous admixture; a sample at-1,125 feet is of 
sandstone, some grains showing secondary. enlarge-
. m'ents, along with some chert and dolomite ______ _ 
Saint Lawrence formation (198' ·feet thick; top, '430 fe.et 
below sea level)"":": " .. : t • " - •• :. • • •• - ', l 
,. Do~omite, light yellow-gray _____________________ :..._ 110' .... 1,300 
Dolomite, purple-brown ______ -.:_____________________20 . '. '1,320 
, Dolomite, light gray _______________________________ ! . 68 '! : ': 1,388 
Dresbach sandstone (208 'feet thick; top,' 628 feet below ' I 
sea level)- . 1 
SandstoNe, soft,-white; grains well rounded, fairly . -
uniform in size, largest 1 millimeter ,in diameter_ 208 . 1,596 
Undifferentiated Cambrian strata (120 feet penetrated; 
top, 836 feet below sea level)- . 
Sandstone; in buff sand with the appearance of dol-
omite to unaided eye, but, seen under the micro· 
scope to consist of microscopic grains of crystal· 
line quartz with dolomitic cement, along with 
some fine rounded grains of quartz sand and some 'I . glaU<lonite at _____________________________________ -.: ___ :._~__ ' 1,596 
Sandstone as above, with some gray shale__________ ' 54 1,650 
Sandstone of sanie composition as above; white____ 45 1,695 
Sandstone, fine-grained, light buff; in minute de· 
tached grains 'and in angular chips as above_'___ :5 ' " .1,700 
San<istone, white, 'clean, fine; grains imperfectly 
roUnded, most grains from 0.0075 to 0.01 inch in di· 
ameter; "quicksand" of log _____________ ~_________ _ ·16 r 1,716 
.... ) )', ' 
. , 
~t may' be noted in passing-that the boring 'was ' carried nine 
hundred and sixty feet below. the base of the Platte~ille, the 
lowest oil-bearing horizon in: America. ' ' .. \ . . 
For central Icr~a ' there may be selected f~om the' :numerous 
deep w~lls. of the region 'that .drllied at GreenW:ooa; :par)r, Des 
Moines, ,as it goes lower than any -of the ot:q.ers. ;rt. :will 'l::Je ' seen 
that it penetrates ·far into ,the Ca:inbr~an a!-ld so'reaches .'through 
all productive horizons. ' 1 -, " • ". t • 
, . · f ' • ' 
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- iReco.ra 01 ,strata in Greenwooa Park wen at Des Moines, 
ThicK- Depth 
ness 
Pleil'tocene (14 feet thick; top, 872 feet above sea level): Feet Feet 
Till, buff, sandy, with a few pebbles; noncalcareous ____ -;__ 14 14 
Carboniferous : 
Pennsylvanian- , 
Des Moines stage (484 feet thick; top, 858 feet above 'Sea 
level)- , , Shale, black, brittle, carbonaceous ___________________ __ _ 
Shale, gray, "fossiliferous'~----------------------------­
Shale, black, carbonaceous, calcareous" highly pyritif-erous _________ ~ _______________ ~ ______________________ _ 
Sbale, gray ;. _________________________________ .! _________ _ 
Shale and limestone, bluish gray, highly fossiliferous_ Sbale, varicolored _____________________________________ _ 
Shale, bluish gray~ highly and finely arenaceous, hard_ 
Shale, bluish gray, slightly calcareous _________________ _ 
Sbale, dark drab and black, carbonaceous _______ ______ _ 
Shales, gray, drab, and purplish; practiclllly noncalcar-
eous; 1 foot of grey chert at 284 feeL _______________ _ 
Mississippian-
Saint Louis limestone and Osage stage (200 feet thick; 
top, 374 feet above sea level)-
Chert and shale; heavy bed, very hard to drill; most of 
the sample is an argillo-calcareous powder; the shale 
is reported as caving in from above,' but its calcar-
eous nature indicates tbat it is in part jnterstrati-fied with chert and limestone _______________________ _ 
. Limestone. and cbert, brownish gray __________________ _ 
Kinderhook stage (160 feet thick; top, 174 feet above sea 
level)-Shale, light blue and gray _____________________________ _ 
Shale, terra cotta red, highly calcareous ______________ _ Shale, light blue-gray _________________________________ :.. 
Shale, light gray, highly calcareous; fine cherty residue 
Devonian (80 feet thick; top, 14 feet above sea level): 
Limestone, light buff; much gray cherL __________________ _ 
Silurian (507 feet thick; top, 66 feet below sea level): 
Limestone, light blufl-gray, crystalline, saccharoidal: effer-
vescence 'slow; considerable white gypsum _____________ _ 
Limestone, cherty, crystalline, blue-gray; effervescence ' 
moderately ' rapid, _____________________________________ _ 
Limestone, cherty, cr~stalline, saccharoidal, dark blue-gray 
and buff; effervescence indicates magnesian limestone, 
, ,but not dolomite __________________________ ~ ______________ _ 
Gypsum and shale; gypsum gray and white, in flakes; shale _ 
,green, .perhaps from above ______________________________ _ 
Limestone, light blue-gray, highly seleniferous; some flakes of gypsum _______ ~ _______________________________________ _ 
Limestone, cherty,- arenaceous; grains 'of sand, minute, 
rounded: much shale in rounded fragments, perhaps ITom above ________ ~_~ _________________ ~ _______________________ _ 
Dolomite, buff, crystalline. granular with much chert and 
some chalcedo~i.~ ,silica;"g 'samples· __ ~ ________ ~ __ 7---------
. ,~ . '/, ' 
1 
l ' 
,3 
4 
15 
67 
10 
60 
11 
, 312 
170 
30 
40 
10 
25 ' 
85 
80 
20 
53 
97 
15 
, 145 
22. 
55 
r, ,,;, 
c. ,-
15 
16 
19 
23 
38 
105 
115 
175 
186 
49~ 
668 
698 
738 
748 
773 
858 
938 
958 
1,011 
1,208 
1,223 
1,368 
" 1,390 
1,445 , 
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Record' of strata in Greenwood Pa~k weWat Des Moines." 
Thick- Depth 
ness 
Ordovician. 
Maquoketa shale (33 feet thick; top, 573 feet below sea 
level)-
Shales; in large fragments; purplish yellow and green; 
noncalcareous; finely laminated _______________________ _ 
Galena dolomite to Platteville limestone (508 feet thick; 
top, 606 feet below sea level)- ' 
33 
Dolomite; in yellow-gray powder; cherty _______________ ~_ ',: 260 
Dolomite, yellow, buff and brown; mostly cherty; residue I ,I , 
finely quartzose; 5 samples ________________________ -{-__ '.. 200 
Shale, green, very slightly calcareous ____________________ " . 8 
Dolomite, brown, arenaceous ___ ..:______________________ __ 30 
Shale, 'dark green, hard, "fossiliferous"; practically non· calcareous" _____ ..: _______________________________________ _ 
Saint Peter sandstone (39 feet thick; top, 1,114 feet below 
sea level)- , 
Sandstone, fine, white; grains moderately well rounded __ 
Prairie du Chien stage- , . 
Shakopee dolomite (124 feet thick; top, 1,153 feet below 
sea level)-
Shale; greenish powder of dolomite, chert, fine quartz 
sand, green shale, and pyrite ______________________ .:. __ _ 
Dolomite, arenaceous, cherty _________ __ _________________ 1 
Shale, drab, calcareous; in finest powder; grains of buff, 
cherty dolomite _____________________________________ _ 
~glg~i~:: ~~;-J01iIlute--ioliO(fe(i-1iesicles--rese~biing l 
matrix of oolite from which grains have been dis-solved ________________________________________________ _ 
Dolomite ___ ' ___ ________________________________________ _ 
, Shale; as at 2,085 feet, "exceedingly hard to drill" ____ _ 
'New Richmond 'sandstone (94 feet thick; top, 1,277 feet 
below sea level),- . ' Dolomite, arenMeous, gray; 2 samples ____________ ____ _ 
Shale, drab, calcareous _______________ :. _______________ .:._ 
Sandstone: , white,. fine, calciferous ________________ ' _____ _ 
Dolomite, buff _:.. _____ ___ ____________________________ . __ _ 
Sandstone, clean white quartz sand; gr~ins rounded ___ _ 
, Dolomite, buff ________________________________________ _ 
Sandstone, buff; grains broken, much dolomite _______ _ Sandstone, friable, white, fine _________________________ _ 
Shale, drab, slightly calcareous _______________________ _ 
SandstoI!,e, white ______________________________ ________ _ 
Dolomite, buff, white; much quartz sand _____________ _ Shale __________________________________________________ _ 
Sandstone, gray and buff, 'calciferous; most of grains broken _______________________________________________ _ 
Shale, light blue __ . ________________ :.' ___________ ~ _______ _ 
Oneota dolomite (175 feet · thick; top, 1;371 feet below sea 
level)- . 
Dolomite of various tints, many cher-ty; argillaceous 
. at 2,250, 2,272, 2,333; 2,340 feet; -arenaceous at 2,270 and 
2;333 feet; at 2,305 feet there is 17 feet ,of white, blile 
and green chert; 32 samples _________________________ _ 
10 
39' 
7 
30 
23 
5 
9 
5 
10 
8 
10 
15 
11 
2 
4 
. 5 
3 
. 2 
14 
, 5 
175 
Feet 
1,478 
1,738 
1,938 
1,946 
1,976 
1,986 
2,025 
2,032 
2,062 
2,085 
2,090 
2,095 
2,100 
2,i40 
2,149 
2,154 
2,164 
2,172 
2,182 
2,197 
2,208 
)2,210 
2,214 
2,219 
2,222 
2,224 
2,238 
2,243 
2,418 
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Record of strata,. in Greenwoo'(j, Park well at Des Moines. 
'l'hick- Depth 
, ness -
Cambrian (582 feet ' penetrated; top, 1,546 feet ' below sea 
level) ': ' 
Sandstone, white; fine grains, mostly rough surfaced; 
some 'dolomite '-______________________________________ ___ _ 
Dolomite, brown; in chips ________________________________ _ 
, Sandstone _________________ .:_:. ___ __________________________ _ 
Dolomite, rough, gray and brown _______________ ''" _________ _ 
Sandstone, fine, white and reddish; 3 samples __ __________ _ 
, Shale, light blue-gray _____ ,.: _______________________________ _ 
Sandstone, calciferous, buff ______________________________ _ 
Dolomite, arenaceous, gray, buff, and brown; 6 samples ___ _ Shale, light blue-gray ________ :.. ________________ '-___________ _ 
Dolomite, gray and buff, siliceous ___________ ~-_;----------
Sandstone, gray, fine, calciferous _________________________ _ 
Marl, highly quartzose, dolomitic, argillaceous, yellowish powder; 2 samples _______________________________________ _ 
Sandstone, calcifero)ls, gray and white; 3 samples ________ _ 
Sandstone; in sand and small chips superficially resembling 
dolomite; calciferous, glauconitic, close-grained; grains 
white, gray and l buff; 10 samples _______________ ~ _______ _ 
Shale and dolomite; shale hard, bright green, slaty; dolo-
mite white, highly siliceous, with much greenish, trans-
lucent amorphous silica, 2 samples; over one-half of the 
second sample soluble in acid ___ ~ ____ ~ __________________ ...: 
Sandstone, buff; in powder, glauconiferous; rock is termed 
sandstone although composed chiefly" of ligl}t colored , 
particles which effervesce freely in acid; fragments of 
crystalline quartz form but a small proportion' of the drillings ___________ '-_______ ' ______ '-_____________________ __ _ 
Sandstone, ' saccharoidal; d'ark with purplish tinge, dark 
color due to numerous graips of glauconite, purplish 
tinge to ferruginous stains on quartz sand; sand grains 
of crystalline silica, rough surfaced', imperfectly rounded, many fractured _~ ______________________________________ ~ __ 
Dolomite, dark gray. greenish, macrocrystalline, glaucon-iferous; sparingly arenaceous ________________ • ________ -'- __ 
Sandstone, greenish; grains Iriicroscopic ________ '-_________ -'-
Shale, dull gray, fine-grained, and exceedingly, ,finely lam-inated _____ j ______________ ~ _______________________________ _ 
Sandstone, glauconiferous, 'calciferous; grains imperfectly 
rounded, with hard, dark. green slaty sh.ale ______________ ~ 
Marl; in buff flour; ,microscopically arenaceous; calcifer-
ous; glauconiferous _________________________ ~--------!...----
Marl, pink; calciferous,"ar,enaceous; one-third of 'drillings: by 
. weight insoluble in acid; to bottom of welL _____ ~ ________ _ 
, 
Feet Feet 
12. - 2,430 
2 2,432 
4 2,436 
4 ~,440 
12 ,452 
2, 2,454 
4 2,458 
30 2,488 -
10 2,498 , 
9 2,507 
2,7 2,534 
19' 2,553 
12 ) 2,565 
145 2,710 
20 2,730 
20 \ 2,75U 
.. 
, ''''';i 
l 130 , 2,880 
i , 5 2,885 
5 2,890 
5 2,895 
15 ' 2,910 
" 
~ 50 2,960 
I 4(} 3,000 
In southwestern Iowa' there 'are several w~ns <iLconsiderable 
, , depth,. but since the dip of the strati-fied ro~ks carries' these to 
('" ,,', . ,~ great depths ,in this 'p-~rt of, the state the 19;west,.for~~tions are 
, ", not reache~. ' H~~e:v¢j, ; th~ ,well ,at ~,unl~p';", Harris.9Jl ' ,Qounty, 
1,53,5% feet deep, reaches the ,Ordovidain ;. "JThe:ldeep ,WleH 'at' the 
" ,J. ' 
·P ... . 
....... ...: ... : 
IOWA · GEODOGICAL SURVEY J 
Institution for Feeble~minded Ohildren' at Glenwood, ,Mills coun-
ty, 1,910 feet deep, penetrates the Mississipian strata for about 
800 ieet; .'and the prospect well at Bedford, Taylor county, 2,400 
f~et::d~ep; : pierces the Siluria,n rocks for 575 feet. - . It may be 
addetl that at NebraskaCity, just, ov~r ~he river: fro1p, th~ , south­
west corner of Iowa, a .test hole was drilled to a depth of '2,870 
feet" passing through the "Saint Pete~ s'~ndsto~e' arid "so ,testing 
all possible productive zones. Since, as above : state;d, the pro-
ductive horizons of the states to the southwest of Iowa lie in the 
Pennsylvanian series, it will be seen th~t these horizons have , 
.been penetrated in ali these w~lls as well as in nU!llerous other 
deep wells of the region. 
Record of strata of deep ~velZ at Bedford. 
Thick. Depth 
ness 
Pleistocene: _ Drift, no samples or record _______________________________ _ Feet 38 
Carboniferous: 
Pennsylvanian-
Missouri stage (722 feet thick; top, 1,060 feet above sea 
level)-
Limestone, light gray, nonmagnesian, soft; earthy lus-
ter; permeated with minute ramifying, smooth-sur-faced masses of calcite ______________________________ _ 
Limestone, argillaceous, light gray, soft; earthy luster; 
and shale, plastic ____________________________________ _ 
Shale, drab, unctuous, noncalcareous; 8 samples _____ _ 
Shale, bluish drab, calcareous_..:.------------------------Limestone, earthy, light blue-gray _____________________ _ 
Shale, drab, calcareous; 3 samples ________________ :.. __ .:..:_ 
Limestone, light blue-gray, soft, argillaceous; with shale Shale, drab, calcareous _________________________________ _ 
Limestone and shale; limestone, soft, whitish; rapid 
effervescence; numerous Fusulina; encrinital; 5 sam-ples __________________________________________________ _ 
Limestone, light gray, soft, earthy; a little chert _____ _ 
Shale, greenish drab; some limestone with crinoid stems 
Shale, as above; some black, carbonaceous and a little blue-gray limestone _______________________ ~ __________ _ 
Limestone, ' light brown, white, gray, hard, compact; 
and greenish shale ___________________________________ _ 
Limestone; light bl1;le-gray, argillaceous; and light yel-
low-gray with crinoid fragments; greenish shale ____ _ Limestone; yellow, gray, hard __________________________ _ 
\oj (, Shale, dark brick-red, calcareous; 2 'samples ____ · ________ · 
Shale; greenish drab, calcareous, siliceous; and ocher- , 
:",' " yellow, hard, siliceous, calcareous; 2 samples _________ ,. 
. ,' - Shale. hard, greenish ·drab; so highly siliceous with ' 
~ '. ' '. minute particles' of 'quartz' 'that it might be termed () ,j' .':-. an! argj~aceous sandstone _~ __ :: ~ __ ._~ ___ . ____________ '.:. :._ 
6 
6 
40 
5 
5 
15 
5 
5 
25 
, 5 
19 
5 
5 
- 5 
' 5 
:, 10 
10 
.' 5 
Feet 
38 
44 
'50 
90 
95 
100 
115 
120 
125 
150 
155 
165 
170 
175 
180 
185 
195 
205' 
. -
" 210 
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Recora .of ' str.ata Of( a~epl weZkat Beaforq.~Cont~n.ue(1,. 
, ' 
. : Thick- Depth 
ness 
Shale, greenish drab, plastic, pyritiferous; some hard, Feet , Feet 
- , yeilow, fossiliferous limestone ' _________ .:_____________ 15 225 
Shale, blue,drab; soft, laminated; harder siliceous lay-ers w ________________________________________________ .: __ , 25 
Shale, drab, laminated; 6 samples ____________ ~, ______ ~..:.; ' 30 
Shale, drab, with some laminae of black coaly shale ____ ' r , . . 5 
Shale, green, fossiliferous ______ ,, __ ~ __________ ~ ______ __ ,_ , , 5 
Shale, green, fossiliferous; some drab Iimestone and . chert _________________________________________________ ~ ' , 5 
Shale, hard, red; 2 samples ___ ------------------------- , ' . 5 
Limestone, hard, drab, with shale ___________________ .: ___ · , ' 10 
Shale; drab, fossiliferous _______________________________ ' 10 
Limestone, hard, fine-grained, siliceous_________________ .' 5 
Limestone, yellow-gray; and white, soft; earthy luster; 
3 samples _________ .-----------------------------------Shale, green and black, carbonaceous ______________ ____ _ 
Limestone, soft, yellow, macrocrystalline _____________ _ 
Shale, drab; 5 samples ______________________________ ___ _ 
, Shale, drab; some drab limestone ______ .: ______________ _ 
Shale, drab; with sand' of flinty drab limestone _______ _ 
Shale, reddish; with dark green-gray argillaceous lime-stone ___________________ ..: _____________________________ _ 
Shale, red; a little brown siliceous limestone __________ _ Shale, drab; 4 'samples _________________________________ _ 
Limestone, light yellow-gray; crystalline in sand; 4 sam-ples __________ __ ____________________________ __ ___ _____ _ 
Shale, greenish drab ________________ _____ "- ___ _________ _ 
Limestone, light yellow-gray; much shale __ ______ _____ : 
Shale, greenish; some drab limestone, flinty __________ _ 
Limestone, light yellow-gray. __________________________ _ 
Shale, drab; 4 samples _________________________________ _ 
Limestone, white; large fragments of shale ___________ _ 
Shale, drab; some black at 516, with limestone, at 525; 
,4 samples __________________________________________ ,---
Limestone, white and gray ____ ' ________________________ _ 
15 
5 
10 
25 
5 
5 
5 
10 
15 
20 
·10 
5 
10 
10 
'20 
21 
19 
15 
, Shale, black, fissile, combustible; and hard, gray lime-
st9ne -------------______________________________ ' ______ ~ " 5' 
Shale, dark drab _w ____ ,, _________________ ____________ _ '__ ' ,10 
Shale, greenish; with white limestone, in concreted ,'" 
powder _______ ...:.: ________ ,------------------------__ _____ , . 5 
Sandstone, white; micrbscopic grain; calciferous; 'with ' . ' shale ___ ~ ___________________________________________ ~ __ " a 
Limestone, white and light gr!ty------~-----.:.------ _;---:_ " :';, }O 
, Shale, dark drab ____________________ .---------.---______ " ', S-
_" ~ ,~~mrtoneir hard, gray, sil,iceol,ls; :~h~le-----------:. --,--,-- ' 5 
a e, dar drab ___________________________ ------------- ,." Iii 
Limestone, yellow-gray, rather bard; much shale in large ' fragments _________ ______________ .: ___________________ .:. , .. '15 
Shale, dar1!: drab;,podules ,and m.a!!se,s of graY , ~hert .. _~- ,': 15 ' , 
.. Shale, ligh~ .br~wni' calcare0'!ls_.: ____ :. ________ ~ _______ ~~:· f~: ~: 5 
Shale, greemsh, WIth gray lImestone and chert ________ _ ' 5 -
Limestone" ,gray;' much ; shale ' ____________________ ~_:..~~_ ','; ,('5 ' 
Shale; "drab; ,'blacK a1" ,645; ' gritty' at ' 650 and 655; with : :',: " 
250 
280 
285 
290 
295 , 
300 
310 
320 
325 
340 
345 ' 
355 
380 
385 
390 
395 
405 
420 
440 
450 
455 
465 
475 
495 
516 
535 
550 
555 
565 
570 
575 
585 
590 
595 
600 
615 
630 
635 
640 
645 
limestone' at' 670;' sandj atl 670,. e75;695;,700; ,coalY at ': "C", 705 ' _____ '_,.:;.:;.:._.:;.:;_.:.:.:;..; __ .:.,:..:: __ .:: ____ ~ ______ .: ___ :. ___ '.::~ __ ,.:._,~.:.. () ; i65 ' : ': 710 
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Record, of strata of , d,eep well. ,at B ed,fordr-Oontinued" , 
Thick- Depth 
ness 
Sandstone, fine;' gray; '3 -samples ________________ ~ ___ ~ __ _ 
Shale, dark drab;' some black; fissile __ .: ___ .:_!. _____ !..:. ___ _ 
Limestone, gray, 'finely arenaceous:._:. .: ___ : _.::. ___ :._:. ___ _ 
Shale, drab and reddish brown; 2 samples __ ___________ _ 
Limest~)lle, light gray ____ ' ____ :. _______________ .:_.: ______ :. 
Des Moines stage (580 feet -thick; top, 338 feet ' above sea 
level)- ' . ' " ' 
Feef ' 
15 
'10 
- 10 
10 
· 5 
Shale, varicolored; ' highly arenaceous at 765' and , 770; ' " 
x:eddish brown at 785, 790, 940 and 1,065; black ' at 855 
1,045, 1,055 and 1,060----------------- ------------------ ,400 
5 
15 
Sandstone; drillings mostly shale ______________________ _ 
Shale, black __ ___ ~ _____________________ -__________ , _____ _ 
Sandstone, fine, white; much shale in 'drillingSl 8 sam-ples ____ .: ______________ :. _____ .: _____ :. _____ :._~ _____ ~ ____ _ 
Shale __________________________________________________ _ 
Sandstone ____________ ~ ___________________________ ; ____ _ 
Sandstone, in fine gray meal, the particles ,Of which re-
semble flint macroscopically but are composed of mi-
nute quartzose grains with considerable yellow chert 
at 1,250, with considerable shale in all drillings; 10 samples ______ :. _______________________________________ _ 
S~ndstone, clea?, fine, yellow-gray, composed of minute 
, Irregular grams __ ___________________________________ _ 
Sandstone, coarser; some grains reaching 1 mm .. in di-ameter ________________________________ ___ ____________ _ 
Sandstone, green-gray, fine-grained _____________________ _ 
Sandstone, yellow-gray, coarser; grains irregular in 
shape and far from uniform in size __________________ _ 
Sandstone, fine, blue-gr.ay~ shale in' drillings probably from above ___________________________________________ _ 
40 
5 
10 
50 
5 
5 
5 
5 
35 
'Feet 
725 
735 
745 
755 
760 
1,160 
' 1,165 
1,180 
1,220 
1.225 
1,235 
, 1,285 
1.290 
1,295 
1,300 
Mississippian (355 feet thick; top, 242 feet below sea level)-
Limestone, gray; rapid effervescence ____________________ ~ 
1,305 
1,340 
1,345, 
1,365 Limestone, yellow-white, soft; 'earthy; ' 4 samples.: _______ _ 
Limestone, gray, rather hard, conchoidal fracture; litho-graphic texture' ______________________ :. _________ ' _______ ~_ 
Limestone, soft, gray, earthy, argillaceous ___ .: __ ______ ___ _ 
Limestone; as above; and gray, fine-grained sandstone~ __ 
Limestone, light drab, argiUaceous ______________________ _ 
Lime~ton~ . and chert; drillings, largely chert-and -chalce-donlc SIlIca ____________________________________________ _ 
Limestone, drab; -less chalcedony .: _______________________ _ 
Chert, white and gray; in places brown, and 'limestone, 
often siliceous; 17 samples __________ .:._.: _______________ ~ 
Limestone, soft, gray, earthy; a little cherL __ :. _________ '-_ 
5 
20 
15 
2(} 
5 
, 20 
10 
5, 
.85 
5 
Limestone, soft, white and light 'g;ay; s~ccharoidal; some chert ____________________________________________________ 5 
Chert and limeston!l; limestone nonmagneSil:in; 14 samples , " , '85 
Limestone, buff; slow effervescence; much gray chert_-,_-, ,-" ' . 5 
Limestone, broWn; mOderate' efferv.escence __ ~ ___ _'.:. ______ ~.:. '-, 5' 
LImestone, brown; rapid effervescence, calcite crystals __ ~ .. " · 1~ . 
Limestone, gray, oolitic; rapid effervescence; 4 ' samples_~ ",'~ 
Shale, blue, fine-graiIled, gritless, calcareous; in ~oncretea ' 
powder; :6 Samples (Kinderhook} ~~7---~--~------'~-";_:'_:":",, __ -sq 
.... .- ~- ~ - '" . - ~ ...... ... . 
I 1,380 
, 1,400 
· 1,405 
, 1,425 
, 1,435 
, 1,440 
· 1,525 
1,530 
, 1,535 
· 1,620 
: 1,'625 
: 1,630 
1,645 
~ 1,665 
1,69;; 
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Recora -of strata of deep wen, at Bedford~aontinued;. 
, 
Thick- Depth 
ness 
Devoruan (130 feet thick; top 597 feet below sea level) : 
Limestone, light gray; rapid effervesceIice __ :: _________ __ ___ _ 
Limestone, light blue-gray" compact, 'fine-grained; in thin flaky chips _________________ _______ :. _____ ; __ ~ __ ____________ _ 
Limestone, yellow; in sand; rapid effervescence __________ ...:_ 
Shale, drab, clayey, highly calcareous ____________ . . ___ .. __ 
Limestone; white and mottled gray at 1,735; gray from 1;74.0-
1,755; buff at 1,755 and 1,760; light gray, subcrystalline, 
dense at 1,765 and 1,770; all of rapid effervescence _______ _ 
Shale, or highly argillaceous limestone; gray, in ,noncon-
creted powder ______________________ , _______ ' _______________ _ 
Limestone; buff; in fine meal; ;rapid effervescence _________ _ 
Limestone, gray; in fine meal; rapid effervescence; ,argilla-
ceous at 1,810; 5 samples _____________________ ~ _________ ' __ _ 
Silurian (575 feet thick; top, 727 feet below sea level): 
Limestone and shale; limestone, gray in meal, rapid effer-
vescence; shale, brick-red, highly pyritiferous, in fine meal, 
and powder not concreted; some fine ill-rounded quartz 
grains at 1,830; color of mass of drillings, brick-red _____ _ 
Limestone, yellow; drillings pink from admixture with fine 
meal and powder of red shale, probably from 1,825; lime-
stone in meal and sand, crystalline; rapid effervescence; 
some irregular rounded quartz grains in drillings' which 
also may be from above; 14 saznples _____________________ _ 
Dolomite, dark gray; in fine crystalline meal; some calcite Dolomite, buff ________________ ~ ___ ------__________________ _ 
Dolomite, dark gray, argillaceous __ ..: ~ ____ .: _________________ .
Unknown; drillings washed away _________ ...: ________________ _ 
Feet 
10 
10 
15 
5 
. 40 
10: 
15 
20 
70 
20 
10 
5 
20 
Feet 
1,705 
1,715 
1,730 
1,735 , 
1,775 
1,785 
1,800 
1,825 
. 1,845 
1,915' 
1,935 
1,945 
1,950 
1,970 
Dolomite, light brown; in crystalline in~aL----------------­
Marl, in fine white powder, not 'concreted; calciferous, argil-
7 _______ _ 
la«,eous; large ruqount of anhydrite ______________________ _ 
Dolomite, as at 1,970; calcite rhombs and a .few crystals of anhydrite __________________________ ~ _____________________ _ 
Dolomite, light yellow; in finest crystalline meal; numerous crystals of anhydrite ____________________________________ _ 
Dolomite, light brown; in floury meal; residue of anhydrite 
Dolomite, light greenish gray, argillaceous; much anhydrite 
and dolomitic marl _______________________________________ . 
Dolomite, light gray, less argill~ceous; cons~derable anhy-
drIte ------------------------------------------------------Dolomite, bright yellow; in meal; considerable anhydrite' __ Dolomite, brown; in coarser meaL _________________________ _ 
Dolomite, light brown; in much finer meal; anhydrite 
4 
6 
20 
35 
5 
10 
15 
5 
, rather -plentiful --------T-------------------_-------------- _____ ~_~ 
Limestone; somewhat magnesian, ,judging from efferves· 
cence; light yellow and buff; argillaceous; some anhydrite in drillings -_____________________________________________ ,__ , 15.' 
Dolomite, buff; in fine crystalline, sparlQing meaL __ .: ____ -"_ '0 8' 
Dolomite, lig~t gray, argillaceous; in finest powlier, 'not · , 
concreted _____________________________ ------_--_________ ~_ I 2 
Dolomite'; in fine brown or yellow meal, 'Il,ot concreted; ; ", ' 
hyd " t ' , , , , , 35 , some an r1 e .: ____ -~-_ ..:'_ .:. ____ ~..;...:"'~- ..I ---.;.----~-';:. ... --- ".- ":- .J ," • 
:'. 'I ,, " 
, ' 
2,009 
2,015, 
2,035 
2,070 
2,075 
2,085 
2,100 
2,105 
2,105 
2,160 
2,168 
2,170 
2,205 
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~ecord of strata of deep , well at Bedtordr---Conol'l!-ae,d, 
Th,ick- Depth 
ness 
--
Feet Feet 
' 55 2,260 
-Anhydrite marl; in light cream-colored or whitish llowder; 10 samples ______________ ~ ___________ ~ ____________________ ~ 
20 2,280 
, , 45 2,325 
Anhydrite marl; in bright buff powder; dolomite ______ ..: __ _ 
Anhydrite mar1, cream-colored; 9 samples_:. _________ .: ___ .: __ ' 
Dolomite and anhydrite; in fine buff meaL ________________ -_ 15 2,340 
, 10 2,350 
5 2,355 
Anhydrite marl, argillaceous; in yellow powder ___________ _ 
Shale, slightly calcareous and gypseous; in gray powder ___ _ 
Dolomite, light buff; in fine meaL _________________________ . 5 2,360 Shale, calcareous; in gray powder_..: _______________________ '_ 5 2,365 Dolomite; in fine buff meaL _______________________ .:. _______ _ 5 2,370 
Limestone, magnesian, or dolomite; in gray powder and ' 
meal; residue argillaceous and cherty and with consid-erable anhydrite _________________________________________ _ 15 2,385 
10 2,395 
5 2,400 
Dolomite, Duff; in aEgular sand _____________________ ,-------
,Shale, calcareous; considerable anhydrite ______________ ~ __ _ 
In southeastern Iowa there is evidence of upwarps of the 
nature of low domes in which the older terranes are much nearer 
to the surface than they would have been if the dome structure 
were absent. This dome or anticlinal structure is, as has qeen 
already stated, one of the favorab,le conditions for the accumu-
lation of oil and gas. Yet in none of the several artesian wells 
~hat have been sunk in southeastern Iowa has any oil or gas been 
found. Whether or not oil or gas will be found in low anti-
clines which may ' exis't between points already penetrated by 
deep wells, remains to be proved. . • 
The section of the deep well in 'Crapo ~ark at Burlington will 
serve to show the character of the rock strata in this part of the 
state. 
Reoord of strata in Crapo ParTe weZZ 'at Bur:Ungton. 
' 'nlick- Depth 
'" ness ' 
1---
Pleistocene: ' " 'Feet Feet Loess and drift , _. _____ , _________________________ ~ _____ .:. _____ -' , '18' 18 
Carboniferous: ,- - ,-, ., - ", 
. Mi'ssissippian ! 422 feet tliick; top, 667 feet above sea level)''''':' i , ' 
", L~mestone, b?ff; ,effervescence 'ratMr" SIOWi some chert : :'1' , 
, . ln small ChlPS ______ ~ _____ • ________ • ___________________ '~_ .. " 23 41 
, Limestone, buff and white, granular~ 'l'apid'efferveBcence_ '37 78 
', Limestone, light yellow; in.fine .meal;. rapid effervescence; -":, ' 
some chert _________ .------------------------------------ 19 97 
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Record of strata' in Orapo Park: well at Burlington. 
Thick- Depth 
ness 
Limestone, buff; in fine meal· and flour; rapid efferves: Feet ' cence; some chert _______________________________________ ' '13 
Limestone, magnesian or- dolomite, blue-gray, crystalline_ '39 ' 
. Shale, blue and drab (Kinderhook) _______ ~ _____________ :.:.._ ' ,291' 
Devonian and Silurian (140 feet thick; top" 245 feet above " , " 
sea level) , ' " , 
Limestone; in light gray, highly 'argillaceous powder; r~pid ' ' effervescence ___ __ __ ~ _________________________ ~____________ 140 
Ordovician: , 
Maquoketa shale (108 feet thick; top, 105 feet above sea 
level) : 
Shale, light gray, highly calcareou's; in powder~ _________ .: 
Shale, drab _____________________________ ~------------------
''ialena dolomite and Platteville limestone (257 feet thick; , 
top, 3 feet below sea levell- ' 
Dolomite, light buff, crystalline-granular; with hard 
brown bituminous shale at 868 feet; 5 samples _________ _ 
Limestone, buff, finely granular; rapid effervescence ____ _ 
Dolomite, Ught yellow; in sand and powder~---------'~---­
Saint Peter sandstone (120 feet thick; top, 260 feet below 
sea levell-
Sandstone, fine-grained, white; some limestone; grains 
, 207 
31 
19 
,Feet 
'" 110 
, 149 
, 440 
, 580 
618 
688 
895 
926 
, 945 
of considerable range in size, moderately well rounded_'_ ' 955 
Sandstone, clean, white; somewhat cmirser tnan a:bove_'__ ' ' 45' ,; 1,000 
Sandstone; as above; much hard, green ·shale 'like the " ! ' : ' , 
basal shale of the Platteville limestone_________________ ; , 40 
Sandstone, clean, white, largest grains reach 0.7 milli- . , " ' 
meter in dia:qJ.eter ______ _______ __ ~_.: _______ .:..:.___________ '10 ' 
,t 
1 ,1,040 
: 1,050 
Sandstone; as above; largest grains .' slightly exceed · 1 
millimeter in diameter _______________________ ~_c.~ __ ,____ " " 15 ' • 1,065 
Prairie du Chien stage ' (565 feet thick; top, 380 :feet below 
sea level)-=- ' ' ,,' , ' ';' ',' .,", , 
Dolomitc), light' gray; some chert:_:.. __________ ,.: ____ ~_.:..: __ ..: " , 35 r I 1,100 
Marl, white and pink, highly dolomitic; ' large ' residue of ,'",' l 
fine quartz sand and argillaceous material and flakes ', '~' 
of chert; 3 samples ____________________ ~ ________________ ' , '235 . 1',335 
, Dolomite; in fine, light yellow, crystalline meaL ________ .: " "f15 ' ".' 1,350 
, , Sandstone and pink oolitic chert ______________ -------~-- : - · '" 10' ." 1:360 
, Dolomite, arenaceous, or sandstone, calcareous, all in fine, :,,' , 'i ", yellow sand ___ :. ____ ~ ___________ ~ ____________________ :..:~~ ', 20:", ' 1,380 
Dolomite, light yellow, highly arenaceous; angular grains I" 
, ': of pure dolomi,te and rounded grains of quartz'Sand____ 20 , " 1,400 
,Marl; white;.' residue minutely quartzose_________________ 10 1,410 , Chert and dolomite _______________________________________ ' 9 1,419 
Dolomite, b14:f'~aridrlight glia'y; 'jl.l' ~ne- , sand; .' cherty.; , ~ ~o -<: ' , " ,-
samples: --:-.-"';-;---'".L---:---:--r--:~- T':-:-'-;;-:_""-:-;---~--~--::--':-- ' ,., ' $ ,.: ,, /,475 Unknown, dtIllmgs washed awa:y _______________ ~ _________ . I ,'44 " .• 1,'519) 
, DoJomite' and .che~t ----.: - .r-----!J.._-,..r~T"J.--, ---':.0.,---. - 1.'-,:"-- ,', ~ l' ',),p "I ~525 . 
,Chert and dolomIte, ,gray_:.. _____ :.. __ -' __ ' ____ '~ __ .:. _________ .:_ , " '\;lO' \ 1';545' 
Dolomite; .gray; cherty, ' and 'ai:enaceous:.:;:'_!: .:'.:!.:: ..: ~':' '_'_r:., ... I'r fl[,2/'l ,1. ('t~~70 > 
,Delol}.lite, light "brown, cberty_ .:.~ ___ ~ ____________________ .:_ r 15. 1,~~5 
, Dolomite,! gray, cherty ' __ ~ ____ :,, ____ ~ __ :' ___________ .!. _____ ..:.: ' f: " ~5 : I ('~[r,ov()-
" ~' ~-. "'.," " .":.,:, , ' 1" I" , ; '"I~~v.-"!f or:· .. 
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Record ot strata i n Orqpo Parle well at Burlington. 
':l'bick· Depth 
ness 
; 
Cambrian: 
Jordan sandstone, Saint Lawrence ,formation, and under 
lying Cambrian strata (800 feet penetrated; top, '945 feet 
below sea level)- , 
UBknown, drillings washed away ______ ~-------------------
Sandstone, clean; grains well rounded~ ,largest reaching 1 millimet/lr in diameter ____________________ :.. __________ _ 
Sandstone, calcareous, or dolomite, arenaceous, buff; 
dolomite in angular particles with rounded quartz grains ___________________________________________ ~ ______ _ 
Unknown; drillings washed away ________ ___ , ____________ _ 
• ,Sandstone, light gray, in fine angular meal; minute grains 
of quartz and of glauconite with dolomitic cement or 
matri](; 4 samples _________ ~ __ ~ _______________________ ~_ 
Dolomite, gI;ay; in fine chips, minutely quartzose, 3 sam· 
pIes _____________ ~---------------------------------------
Sandstone; as from 2,000·2,095 feet; brownish, highly glau· coniferous ____________________ ____ __ ___________________ _ 
Sandstone; fine grains of clear quartz, some pink, some ' 
, with secondary enlargements ______________________ .:. ___ _ 
Sandstone, gray, glauconiferous, calciferous; grains vary· , 
ing in size, some being large and well rounded _________ _ 
Sandstone; as from 2,000 to 2,095 feeL __________________ . 
Sandstone; in loos'e grains of clear quartz, largest, diam· eter of 1 millimeter ____________________________________ _ 
Unknown; drillings washe.d, away _________ .:. _____________ ~ 
Sandstone, dark brown, glauconiferous; in rounded grains 1 
and minute siliceous particles; chips of drillings have I 
rQugh surfaces (due to projecting granules) and not the I 
smooth fractures of quartzite _________________________ :. I 
Sandstone, yellow; in chips of minute grains of quartz and ~ 
glauconite and some rounded quartz grains, embedded j , 
in dolomitic matrix; or , cement; chips crumble easily I 
after digestion in acid; drillings contain considerable I 
hard green shale ----------------- '"'"--------------------- J 
Sandstone, buff, calciferous, glaucoJ;literous; much hard ' green shale __________ ..: _________________ ' __________ :. _____ _ 
Sandstone, buff, calciferous" glauconiferous; much green 
and reddish shale ________________ ..: ______________________ _ 
Shale, hard, dark green and reddjsb, fissile; and sand· 
stone, calciferous and glauconiferous; in angular chips; grains minute and angular _____ ~ ______________________ _ 
.... - . 
Feet -Feet 
40 
20 
35 
275 
95 
35 
95 
10 
35 
5 
85 
,40 
5 
5 
10 
.10 
r 
I 
I 
~ 
I 
I 
l 
1,670 
1,690 
1,725 
2,000 
2,095 
2,130 
2,225 
2,235 
2,270 
2,275 
2,360 
2,400 
2,400 
2,405 
2,410 
2,420 
2,430 
By ,way of , summary it may be stated that oil in' cowmercial 
quantities has never been' found in Iowa. : Gas 'has~ been found 
, and no doubt will continue to be found in 'various , parts of ihe 
state 'in small quantities in ,sands anQ ,~avels of Pleistocene age. 
At' no' time has the Survey made the statement 'thai 9il: and gas 
Win never be found in commercial quantities in tb,e indurated 
• 
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rocks of Iowa. ; But the Survey has asserted and ,continues .to , 
assert that all the evidence that has been' gained from a study 
, of the .geology of the state, especially in connectiQn .:with · the 
many deep wells that have been" drilled in efforts to get . supplies 
of wa,ter, PQints consistently t,o ,the conclusion that it would pe a 
waste of money a,nd e:t;fort' to' dJ'i~l' d~ep:\v~lls ,with ~he .so!e. pur-
pose of .obtaining commercial quanti~ies of .eithe~ o~l or gas. It 
is an errone.ous notion held by, some people that it is necessary 
only to bore deep enough to get supplies of petroleum and' 
natural ~as ill, any desired quantities' and in any 10cality. 
It is the. functiQn of the Survey to ·encourage -the development 
of the res.ources of the state. But it is also the function of .the 
Survey to furnish such information to the people of the state as 
will discourage them from investing large sums of money in 
. enterprises which are not even speculations but which from 
their very nature ,are doomed to failure. 
PLEISTOCENE MAMMALS OF IOWA 
For' many 'years, parts .of the skeletQns .of extinct mammals 
have been fQund In the PleistQcene depQsits .of Iowa. But it has . 
'been chiefly within· the last ten years that many .of the mQst in-
teresting discQveries have bMn made. . AmQng these are in-
cluded many 'W.ell p'reserved fQssils .of mastodQns,. mammQths, 
hQrses, camels, slQths, bear and .other animals that were found 
in the AftQnian gravels .of western IQwa, and which have been ' 
discussed. at cQnsiderable len.gth by PrQfessQr Shimek in the 
repQrt .of the geQlQgy .of HarrisQn and MQnQna, cQunties, pub-
lished in V.olum.e XX .of the publicatiQns .of the Survey. MQre-
.over, the Aft.onian remains have ·been described sQm~what fUlly 
by Dr. Samuel Calvin in tWQ papers publ~shed in vQlume twenty 
and vQlume twenty-twQ .of the Bulletin .of the GeQlQgical SQciety 
.of America. In .other ' papers, alsQ, reference has been,made tQ 
. this mQst interesting fauna. · But my predecessQr, DQctQr Calvin, 
recQgnized the need .of it mQre cQmprehensive repQrt than any . 
that, had been 'published, a repQrt in which nQt only the fauna .of 
'. the AftQnia.n deposits but .alsQ the remains frQm other horizons 
of the, Plei!:;tocene might be fully· described and . illustrated;, and, 
.. 
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fu'rthermore~ a 'repor.t in whicli tpe 'inthri:liations ol :the various 
kinds of dife 'Jnight be,considefe:d 'Hot 'alone frqm the standpoint 
of theii->!distribution and assoc.i~tion in dowa, '" hutj:nl co;o,necti6n 
with the: Pleistocene 'of the'whdle -NQrth',Americari 'oontinEmt. 
For 'slich "a 'task the ' Survey"iEl'to 'be · congratula.'t~d 'in '-having 
had , the ' setvices of Dr. ' O: 'F~ t Hay of-' tbe -NationaJrMuseUIn; 
Washington, D. C., an 'autliority on: thevertebtate p-lileontology 
of the Pleisioeene peri6cl:~ :' " , ( '.''', ; 
I 'take -p'~~asure in SVQmitti~g' to yo~: tli~-Jil}per '6f'-JY6'ct6/ Hay; 
entitled; " 'The Pleistocene' Manmials of Iow~/i'\a:nd~ recoImnend 
that it be ,published ~s Voium'e'L"'{III, whiah 'is ;the r[1weilty-first 
An'nual Report of the Iowa Geological Survey:) " '!,,',' I 
, I 
Respectfully ,submitt;d, 
f. ." , 
~'., ":~rr ",(~ C} ~\ . 'J -·'~r .,f'''''' .rt:~:t~! i~~ ~:t<' .. ~,>\, , :: .. '·\r~_~'·~··-:f~J i!:>:, ~r ~J. tl f ~.~ ~t:· 
. ',. ... "~ ... l .. ·rl"\rlr ' ~ l t~ \\ '" ~ -/1'",, '" I·' tt ..... ' •. ,.«~: ''f ' ' • • _ •. !~.,4" " ." · ~,~ ...... r, " " •. y ,d\ 4" 
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PREFACE 
The object of this, preface is to render acknowledgments for 
the aid and advice whicl1 the writer has received. First of all, 
it is appropriate that a tribute be paid to the lamented Professor 
Samuel Calvin, who was, at the time of his death, Director of 
the Iowa Geological Survey. It was he who first took up in a 
comprehensive way the study of the fossil bones and teeth which 
had been found in Iowa, especially those which had been dis-
covered in the Aftonian interglacial , deposits. 
Acknowledgments are to be made likewise to present members 
of the Iowa G,eological Survey for willing 'assistance rendered 
during the ,' preparation of this report, viz.: to Dr. George 
F. Kay and Mr. James H. Lees, to Professors B. Shimek, John 
L. Ti,lton, A. O. Thomas, and others. From many persons, in 
all parts of the state, the writer has, in reply to letters of in-
quiry addressed to them, received information regarding fossils. 
Their names are mentioned in connection with these fossils. 
To the Carnegie Institution of Washington must be given credit 
for permission to complete this report after engaging in its 
service. 
The best fate which can be hoped for. this essay is that it 
may soon render itself obsolete by stimUlating additional 
discoveries. 
OLIVER P. HAY. 
U. S. National Museum, 
Washington, D. C., February 11, 1914. 
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THE PLEISTOCENE PERIOD ' IN IOWA 
Introduction ' 
, The writer does not propose here to' present an extended 
treatis'e on the geology of the Pleistocene period, not even on 
that Of Iowa. For more than elementary information on this ' 
subject the reader is advised to consult first of all some gen-
eral work on geology'; and after that various special papers 
published in' the scientific journals, the communications to sci-
entific societies, and the reports of the Federal and State gov~ 
ernments. For general information the concluding half of the 
third volume of Chamberlin and Salisbury's Geology, pub-
lished in 1906, is especially to be recommended. In this worlr 
are cited the most important papers that had appeared at the 
time of its pUblication. For details regarding the distribution 
of glacial deposits in the region east of Iowa, the student 
sh~)Uld consult the two great treatises of Prof. Frank Leverett, 
constituting Volumes XXXVIII and XLI of the Monographs 
of the U. S. Geological Survey: On pages 87 to 99 of the pres-
ent essay will be found a list of works and shorter papers on 
the subject, which list, however, does not pretend to be com-
plete. Many of these deal with problems and qu~stions con-
nected with the Pleistocene of Iowa and are of the greatest im-
portance. Finally must be mentioned the numerous volumes 
that have been issued by the Iowa Geological Survey under the 
direction of Clvirles A. White, Samuel Calvin, Frank A. 
Wilder and George F. Kay. In these volumes the geology of 
nearly ,all the counties' of the state has been described and 
mapped with greater or less detail. These volumes constitute 
a' great storehouse of knowledge, to be drawn up~m by all w?o 
may be interested in the geological history of the ,state. 
, 
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Notwithstanding what has just been said, it seems proper 
that the writer should present here ' a brief general account of 
the Pleistocene period, as shown by the records it has left in 
North America and especially in the state of Iowa. 
Definition- Or the Pleistocene. ' 
The Pleistocene is that period of geological time which im-
mediately preceded that in which we live and which is called 
the , Recent period. Its limits are diffiGult to define and are, in 
fact, ,not wholly agreed upon. ' The PliocElne passed in:to the , 
Pleistocene and the latter into the Recent without any notabie 
physical cataclysm or any sudden and wide-extended extinc-
tion of animals and plants. A little known epoch, the Ozar,k-
ian, is included by some authors. in the Pliocene; by others it is 
placed at the beginning of the Pleistocene. Another epoch or 
stage, the Champlain, is usually regarded as a. part of the 
~leistocene; but Osborn, has relegated it to the Recent period, 
and· the pFesent writer agrees w;ith him in this. 
The Mammals are the an:imals that we must especially de-
pend upon as the biological means of distingqishing the de-
posits of the Pleistocene from those of the Pliocene on the one 
hand and of the Recent on the other, and the different divisions 
of the Pleistocene from one ,another. The mammals of the 
'pleistocene closely resembled those that live on the earth too . 
. day; but they often differed. from those 'of the present specifi-
.cally and sometimes . generically. The lower animals and the , 
plants of· the Pleistocene were t;Umost wholly identical with 
those that. are now in existence. 
But the chief characteristic of the Pleistocene period is the 
record made 'by certain physical phenomena; that is, by the 
glaciation of a considerable portion of the northern hemisphere 
and of restricted portions of the southern. In North ·America, 
'at one time or another during the Pleistoce:p.e, sheets of ice of , 
·vast, but unknown) ,~hickness covered our continent as far south 
as a line beginn:ing at 'the eastern end of Long Island, thence 
extending to Staten Island, northwest to the headwaters of 
Allegheny river; westward along this river and the Ohio to 
Louisville; across Indiana and' Illinois to the mouth of the Mis-
DEFINITION ,OF THE PLEISTOCENE 
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sourl; thence along. this river into Montan~; and from there 
westward to the northwestern corner of Washington. These 
ice-sheets, really several in number, proceeded from 'three cen-
ters, one, the Labradorean, lying east of Hudson Bay; another, 
the Keewatin, situated immediately west of the bay mentioned'; 
and the third, the Cordilleran, located in British Columbia. 
From these center's, especially the first and second, the ice 
stream~d out in all directions, but especially towards the south. 
In the passage of these pondel'ous, but sluggish, floods of ice, 
vast quantities of rocks were broken loose, swept along, ,and 
for the most p:;trt, ground to powder. A great part of these 
materials was deposited on the rocky or earthy bed of the ice- , 
sheets, or glaciers, and constitutes what we call th~ drift, great 
m~sses of clay, with which are mingled here and there im-
mense deposits of sand, gravel, and more or less rounded (. 
bowlders. These materials were to a large extent derived from " 
. igneous and me~amorphic rocks, such as trap, syenite and " 
granite. It is from this cause that we find on our fields, bowlders 
of crystalline rocks which for the most part must have been 
brought hither from their original exposures in Canada. 
These bowlders are often planed and scratched and grooved as 
a result of 'movement over rocks and stones while h€ld in the 
grasp of the flowing ice. Another part of the materials brought 
down by the ice was borne away by streams issuing from the 
foot of the glaciers. Some of this was deposited, sometimes 
in great quantities, along the borders of these streams, or was 
carried down to the mouths of the great rivers, . especi~lly the 
Mississippi. . Of course, the farther one goes from the borders 
,of the drift, the finer are the materials that ' were carried 
thither. 
Usually th~ clays and sands, of the drift are unstratified. 
Howev'er, where 'water has acted on them, as where streams 
issued from the borders of, the 'ice-sheet or flowed beneath 
them, or where lakes and ponds were formed., there may be 
found ,more or less stratification of the materials. The thick-
ness of the deposit varies from a few inches to more ,than 500 
feet. . It may rest on any of the older formations'. ' The sut-
, face of the drift is sometimes level, but usually ,undulating and' 
sometimes very uneven .. The Unevenness 'may 'be ', due to the' 
OJ 
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erosion of flowing waters that have acted on the materials 
since the disappearance of the ice; but in large part it resulted 
from the irregular way in which the materials were laid down, 
or dumped down, by the glacial sheet. Where the foot of the 
fce-sheet rested for. any considerable time there may be found 
.long ridges that are largely composed of coarse materials. Such 
ridges are called moraines. In the depressions of the surface, 
after the ice retired, were formed lakes and ponds. Since that 
time many ' of 'these have become more or less filied up; and 
they now form marshes or low' wet meadows . . 
The Pleistocene 'was, in general, a time 'of elevation and of 
, extension of the borders of the continent beyond their present 
limits. The changes in elevation and in the climate during that 
time had a profoun'd Influence on the animal life and on the his-
tory of mankihd. For these reasons the Pleistocene is re-
garded as a period distinct from the Pliocene, with which, . as 
Ohamberlin and Salisbury say; it would otherwise be united. 
Divisions of the Pleistocene. 
In the preceding remarks the Gla~ial epoch has been spoken 
of as a time without divisions and the ice-sheet as a machine 
working without interruption. Such for a . long time was the 
prevailing view, and this view is propably still held by a few ' 
geologists. It seems now, however, to be demonstrated that 
dUTing the Glacial ' epoch there were several glacial stages, and 
that they were separated by a corresponding number of inter-
,. glacial stages, during which a mild climate prevailed. The in-
vestigations made by various geologists, in North America have 
shown that there were probably · five glacial and four intergla-
cial stages. The names of these are given in the following sec-
tion in the order of theiT age. The interglacial and postglacial 
stages· 'are put in italics. Following the last glacial stage there 
was an interval , between it and the beginning of the Recent, 
corresponding . ,to ' an interglacial stage and during which 
there was a mild climate. This has been elsewheTe called by 
the author the Wabash stage. Its type locality is, in . Indiana, 
in the basin of Wabash' river, where are found remains 'Of many 
vertebrate animals now extinct. It corresponds in part to the 
Glacio-lacustrine of Ohamberlin and Salisbury. . 
,. 
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DIVISIONS OF THE GLACIAL EPOCH AND ITS DEPOSITS. 
10. Wabash. 5. Illinoian. 
9: -Wisconsin. 4. Yarmouth. 
8. Peorian. 3. Kansan. 
7. Iowan. 2. A.ftonian. 
6; Sangamon. 1. Nebraskan. 
A brief account of -each of these stages will 'now be given. 
Unfortunately our knowledge of not one of these is satisfac-
tory. 
The Glacial Stages. 
The ice-sheets that proceeded from the Cordilletan center 
have not been well studied and are of no interest to us here. 
It is probable that from each of the other centers, the Labra-
dorean and the' Keewatin, there pr~ceeded an ice-sheet dur-
ing each of the glacial stages; but it is not yet established that 
tiiere is a glacial deposit that was laid down by ice that flowed 
from the Labrador cente-r: during the Kansan stage, nor any 
lllinoian that was deposited by Keewatin ice; nor any Iowan 
that resulted from a Labradorean glacier. If there were such 
deposits they are probably wholly covered by later -drifts. It 
may be remarked that Iowa is fQrtunate in having drift deposits 
that represent each of the -glacial sta~es. 
Nothing can be said here regar9ing the causes of the phe-
nomena of the glacial epoch. A vast body of literature has 
grown up on the subject and to this the student must have re-
course. N or can we pretend to determine with any exactness 
how long it has been since the beginning of the glacial epoch. 
It may be as much as one or two millions _of years. - We do" not 
know exactly what was the condition of the surface of the drift-
covered region before the advent of the first glacial stage. It 
had all, during most of the Pliocene at any rate, been dry land, 
probably well elevated, and had suffered much erosion. Much 
of "it was therefore hilly and seamed by stream-beds and ra-
vines. There is a "driftless area" occupying a part of north-
eastern Iowa, southeastern Minnesota, northwestern lllinois, 
and southwestern Wisconsin; and it has been supposed that 
this represents quite well the sort of surface that was presented 
at the beginning of the Pleistocene by much of the area now 
covered by drift. The drainage lines of that early time differed 
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from those of the present, and borings have disclosed ma'ny 
old channels of which no traces appear , on the surface. On 
that old rough and seamy surface, often TOCky and probably 
often infertile, there was laid down a deposit of clay, sa,nd, and 
s'ome gravel and bowlders, that forms now a level or undulat-
ing surface and constitutes a soil rich in the elements that are 
needed to support vegetable and animal life. The rocks and 
the mountainsin the north were torn down, ground to powder, 
and spread out to make a garden for a nation, 
The Nebraskan Stage.-The oldest known sheet of drift in 
Nebraska and Iowa is known a~ the Nebraskan, east of the Ap-
palachia'ns as the J erseyan. The latter drift was laid down by 
tb,e 'Labradorean glacial ice; the formeT by ice proceeding from 
the Keewatin center. The Nebraskan drift is, so far as de-
termined, wholly overlain by later deposits; so that it is recog-
nized only from exposures where streams and ditches and rail-
Toad excavations have gone down through the overlying de-
posits. It is, of course, sometimes reached in the digging and 
boring of wells. The body of this drift consists of a dark blue, 
sometimes almost black, clay. On exposure it is likely to break 
up into ,small angulaT blocks and fragments and is therefore 
said to be a joint-ciay. It is more compact than any of the 
other drifts and more impervious to water. It has been called " 
the abomination of well diggers and road workers. ' In this 
deposit there is often found a good deal of clear quartz sand 
and many small nodules of yellow ,or orange sand. The bowl-
ders are usually small and often consist of coarse granite. In 
this Nebraskan drift are frequently found pieces of wood, ap-
parently s'pruce, cedar, etc., suggesting that the glacier had 
overwhelmed an ancient forest. 
This deposit possibly underlies most of the drift-covered 
region of Iowa, although the overlying Kansan doubtless 'ex-
tended somewhat farther squth. The Nebraskan is exposed 9-t 
vaTious points in western Iowa, but seems to have been first 
recognized in gravel pits at Afton Junction. It is met with in 
many places in southeastern Iowa in wells and sections, as at 
Davenport and Muscatine. Along the Mississippi above Fort 
Madison are exposures of drift 180 feet in height, of. which the 
upper fifty or sixty feet are Dlinoian; while the lower 120 feet 
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are probably Kansan, but possibly in part Nebraskan. 'J. A. 
Udden (Iowa Geol. Surv., XI, p. 102 seq.) reported the pres- . 
ence of pre-Kansan drift at many places in Louisa . county;. 
Beyer (Iowa Geol. Surv., VII, p. 231) found in Marshall county 
a section which presented at the bottom a ' blue till which he 
supposed to be sub-Aftonian. Shimek states (Bull. Geol. Soc. 
Amer., XXIII, ,1912, p. 137) that the finest section showing Ne-
braskan drift is to be seen on the Iowa side of the ,B'ig' Sioux 
river, in Lyon county. The ~xact location is given as the s'Outh-
west quarter of section 33, township 99 north, range 48 west. 
Fully sixty feet of Nebraskan are 'shown here, with its base dis'-
appearing in the river. It contains many bowld~rs. Above it 
come Aftonian sands, capped by about two feet of silt which 
eontains shells; while above the silt is Kansan drift. , Along 
the river mentioned are to be found many seetions in which are 
shown Nebraskan, Aftonian and Kansan deposits. 
This Nebraskan deposit filled the old preglacial valleys some-
times to a depth of 100 feet, but on the old uplands it is thin or 
wanting. 
The Kansan Stage.--At the close of the Nebraskan stage the 
gllicial ice-sheet retired and the climate became' milder. Ani-
mal and plant lifE:) took pos·session of the surface of the N e-
braskan drift deposits. This mild interval constituted the Af-
tonian stage, about which more will be .said below. At length 
this ended, and gradua'Ily there supervened the rigorous Kan-
san stage. . 
, Nowhere is the Kansan drift better displayed than in Iowa; 
although it is ' found in Missouri, Kansas and other states to-
w&rdthe northwest. A reference to the map shows that it 
forms the upper deposit of drift over about the western fourth 
and the southern third of the state, besides a narrow band 
which runs northward near the easterJ;!. border. . It does not, 
however, constitute the surfaee deposit over the whole of this 
great region; inasmueh as it is itself usually covered, especially 
along the larger streams, by a deposit of :fine materials known 
. as the loess. The latter is, however, often thin and the Kansan 
is se.en beneath it along streams and in railr'oad cuts. The 
loess may be missing in 'the south central ,par:t of the state .. 
l. 
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The Kansan may appear at the surface or is soon met with in 
sinking wells. It is composed of a clay that is light blue or 
gray~ where not weathered; but it may vary to brown, yellow, 
.. and even red according to the amount of "weathering it has suf-
fered. On exposure it breaks up into irregularly shaped 
masses. It is not so tough and compact as the Nebraskan. 
As compared with' later drifts, there are J;elatively few bowl-
ders; but there are more of these than in the Nebraskan. 
Quartzites and greenstones are more common materials. In a 
niunber of cases there have been found enclosed in the Kansan 
, drift masses of Nebraskan drift and of Aftonian sands and 
gravels, indicating that the Kansan glacier had plowed up 
these older deposits in a froz~n state and had incorporated them 
with Its other materials. 
The ice-sheet that laid down the Kansan drift ,had its origin 
in the center west of Hudson Bay. This sheet appears to have 
reached over into Illinois only a short distance, as in Adams 
and Hancock counties (Leverett, Mon. 38, p. 106); but it ex-
tended into Missouri as far as the river of this name and its 
border, in a general way, follows this river far to the north-
west. Doubtless the Kansan drift exists in nearly every part 
of the state of Iowa, if we except the driftless area along Mis-
sissippi river above Clinton. It has been found in wells and 
along streams at various points within the areas occupied by 
the Iowan and Wisconsin drifts. Within the Iowan drift region 
there are areas of greater or less extent where the Iowan is 
missing or extremely thin arid the Kansan is at or close to the 
surface. An examination of the Iowa Geological Survey's re- ' 
ports on the counties within the Wisconsin and the Iowan drift 
areas will give exact information on these relations. It is , 
known to , exist along ¥ississippi river below Clinton, where it 
is, covered by illinoian drift. 
After the withdrawal of the Kansan ice-sheet the surface of 
the ~ansan drift was exposed for , unknown ages to t~e erosive 
action of running water, to the chemical influences of water and 
air, and to the physical effects of heat and cold: A large part 
of its surface was borne away by. the streams which thus made 
for themselves wide and 'often deep valleys. . Hence the surface" 
became more or less broken. The soil in its upper portions also 
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became more or less' leached and modified. 'rhese modifications 
would have b'een further extended had it not been for' the loess 
that was at a considerably later period laid down on, 'the drift. 
The Kansan is often found to be overlain in some localities by 
a considerable thickness of coarse materials, known as the Bu-
chanan gravels. It is supposed that these gravels were depos-
ited by flooded streams which issued from the retiring sheet of 
Ice. 
In the western ,part of the state occurs a deposit which has 
been named by Shimek the Loveland. It is a fine-grained, 
tough, reddish deposit, quite different from the loess, with which 
it has been included. Shimek 'thinks (Iowa Geol. Surv., Vol. 
XX, pp. 371-375) that it was laid down in slack water during 
the melting of the Kansan ice-sheet. 
The Kansan glacial stage was followed by the mild intergla-
cial Yarmouth. Then came on the Illinoian glacial stage. 
The Illinoian Stage.-While the Kansan represents the great-
~st extension southward of any ice-sheet that proceeded from 
the Keewatin. center, the Illinoian marks the greatest exten-
sion of the ice ~rom the Labradorean field. In the easter~ part 
of the United States, the Illinoian is apparently wholly buried 
by the Wisconsin drift; but the former makes its appearance 
south of the edge of the latter in north~central Ohio. From a 
point in the southern part of Ashland county the border may b~ 
followed south 'and southwest to Ohio river above Cincinnati, 
, thence to this city, where it crosses the Ohio and continues close 
to, the river nearly to Louisville. From there it runs south-
westward to the mouth of Wabash river, and then .westward 
across Illinois to the Mississippi near Carbondale. It then 
keeps on the eastern side of the river to the vicinity of Fort 
Madison, Iowa. Here the great glacier that left this 'drift 
,pushed on across the river a distance of about 25 miles. This 
transgression on Iowa territory 'extended north to a point 
about' half way between Davenport and Clinton, Iowa, so that 
Illinoian drift now occupies parts of Scott, Muscatine, ,Louisa, 
Des Moines, Henry, 'and Lee counties. In thus pushiI}.g itself 
into Iowa the glacier forced 'the Mississippi to seek a new chan-
nel ~westward of the ice border. This channel, at present , 
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wholly abandoned ' qr. occupied in part by relatively · small 
streams, begins above Savanna, Illinois, and enters the Mis-
sissippi again just below Fort Madison. Its course may be ob-
served on Plate VI of Monograph 41 of the U. S. Geological 
§3urvey and on Plate ill of Vol. XIV of the Iowa Geological Sur-
vey. Nowhere else does the Illinoian drift from the Labrador-
ean field appear in Iowa, and none is known there that ~me 
from the Keewatin center. 
The Illinoian drift . was originally of a ·bluish color, but 
through oxidation since deposition it has .changed mostly to 
yellow; but it may be brown, or even red. The clay is more 
compact than that of the succeeding drifts. It appears origin-
ally to have contained much lime, and this seems to have acted 
as a cement to harden the mass. In general, this drift re-
sembles the Kansan; but not having been so long subjected to 
the influence of the elements ' the upper portion, has not been 
weathered so deeply. It is said to have the carbonate of lime 
leached out to a depth of five to seven feet. The surface has not 
been so much eroded as that of the Kansan; and away from the 
larger streams it is in nearly its original condition. The thick-
ness of this deposit 'varies much, of course. Leverett states 
. that the average thickness is about fifty feet; but in old valleys, 
it. may be as much as 100 or 200. In Iowa, however, the thick-
ness is usually from ten to thirty feet, but may be as much as 
fifty feet along the western edge. . . 
.As localities where the Illinoian drift may be studied in Iowa, . 
Calvin mentions the region between Durant and Davenpo.rt 
and that between Columbus Junction and Morning Sun or 
Mediapolis. In the Illinoian tract wells often pass through the 
Illinoian into the underlying Kansan; and in so doing they are 
likely to pass . through old soils and peat beds that belong to 
the Yarmouth interglacial stage. They might even penetrate 
to the .Aftonian and Nebraskan. The Illinoian is in some cases 
underlain by a thin sheet of loess, sometimes by the Buchanan 
gravels. This loess will be referred to below. 
For a list of the vertebrated animals which are supposed by 
the writer to have existed during the Illinbian stage see under 
the Sangamon, on page 34. 
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It has been estimated that from 140,00Q to 540,000 years have 
elapsed since the Illinoian stage; but the time may have been 
less or even more. ; 
The Iowan Stage.-Probably long after the disappearance 
of the Illinoian glaciers and after the close of the succeeding 
mild interglacial Sangamon stage glacial conditions . were re-
sumed and another sheet of ice was pushed southward from 
the Keewatin center. What was the extent of this glacier is 
unknown. In Iowa its drift occupies a belt lying across Worth, 
Mitchell, and Howard counties' on ' the north line of ' the state 
and extending south and southeast and 'covering a consider-
able part of Marshall and Tama counties, and nearly the whole 
of Benton, Linn, and Jones counties. It also passes through 
Cedar and Clinton counties and reaches Mississippi river be-
low the town of Clinton. It has been supposed to occupy a 
portion of northwestern Illinois, but there are reasons for 
doubting this. Its area in Iowa is about 80 miles wide anq. 100 
miles long. On the western side it is overlapped by the 
~ounger Wis-consin. It was itself laid down 'on the surface of 
the Kansan aft.er this ·.had been long exposed to stream ero-
sion and ' had been much broken. The Iowan is a very thin 
sheet of drift. It appears mostly on the lower levels of the 
old Kansan surface and may be wholly missing on the more 
elevated parts. There are considerable areas, within its field 
where the Iowan is missing. Its maximum thickness is given 
by Calvin as, about twenty 'feet. In Cerro Gordo 'county jt is so 
thin that the plow turns up the decomposed Devonian shales', 
. , 
In Butler county, at the heart of the Iowan area, the thiqkness 
is said to be nowhere more than seven or eight feet. ' 
This drift is remarkable for the size 'and freshnes£· of its 
bowlders. One of these in Cerro Gordo county is repo-rted to 
have a .length of twenty-five feet, a width of twenty-three feet, 
and a height of eleven feet above the ground. These bowl-
ders present sharp angles and show few indications of 
long exposure to the weather. ' They ' are scatt,ered with~ 
out relation to the sloughs and water courses and are 
sometimes the only evidences of the presence of the 
" Iowan drift. This ·.drift appears oriiinally to: have con-
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tained little calcareous matter. The clay is yellow and thus 
contrasts with the blue of the underlying Kansan. The surface 
has suffered extremely little erosion and the streams are wide, 
shallow, sluggish, and almost on a level with , the surrounding 
country; in fact are sometimes on a higher level than the 
plain. There are no lakes, and no well defined moraines. ' 
It is proper to state that the existence of the Iowan as a 
distinct sheet of drift has been seriously called in question. 
This has been done especially by Professor Leverett (Zeit-
schriff Gletscherkunde, IV, pp. 282-299). .In defense of his po-
sition Dr. Calvin published what"appears to , the present writer 
to be a very convincing paper (.J our. ,Geology, XIX, pp. 577-
602). The whole question needs and is undergoing further in-
vestigation; but evidently there is present a drift that is differ-
ent from any other yet recognized. This is admitted by Lev-
erett, who says in the paper cited: "The writer, therefore, is 
inclined to regard this so-called Iowan district as' possibly of 
Illinoian age, though recognizing that it differs considerably 
from the Illinoian district of the Labrador ice field." 
In the Preliminary List of Papers announced for the twenty-
fifth meeting of the Geological Society of America, -1912, Pro-
fessor Leverett presents an abstract of a paper which contains 
the following paragraph: 
The so-called Iowan drift may stand in about as close rela-
tion ·to the Illinoian as do the later Wisconsin moraines to the 
earlier Wisconsin. It does not seem to be separated from the 
Illinoian drift by a definite intel'glacial stage, but instead to 
represent a substage or stadium of tlJ,e Illinoian. It may, there-
fore, be advisable, pending further study, to apply to it the 
double name Lat'er Illinoian or Iowan. 
The Iowan glacial stage was succeeded by the Peorian inter-
glacial. This in turn was followed by the Wisconsin glacial 
stage. 
The Wisconsin Stage.-East of central Ohio the last ice-
sheet, the Wisconsin, pushed itself far enough south to con-
ceal with its' deposit that of all preceding ice-sheets, except in 
a few localities. From about Ashland county, Ohio, west to 
central and northern Illinois the Wisconsin failed to reach the 
limits attained by the Illinoian glacier: In Ohio and eastern 
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Indiana the Wisconsin · border 'is not removed many miles from 
that of the Illinoian; but after passing south of Indianapqlis 
tlie Wisconsin border continue;; west, to cross Wabash river 
near Terre Haute. Thence it proceeds to Shelbyville, Illinois; 
thence northwest to Peoria; and th~n turning northward· it en-
ters Wisconsin somewhere ,east of the middle of the boundary . 
line between the latter state and Illinois. Thence it swings 
westward around the driftless area into Minnesota and turn-
ing again southward into Iowa, reaches the city of Des ' Moines . 
. Thence running off northwestward it crosses the southwestern 
corner of Minnesota and enters South Dakota; but at once it 
turns 'back and follows' near the western side of the Missouri to 
near ' the Nebraska line. Thereupon it returns northward to 
about the boundary line of British America and finally strikes 
westward to the Pacific coast. The result in Iowa is that a 
great tongue-shaped lobe 125 miles long and, where it enters 
the state, n,early ninety miles wi'de, extends southward to Des 
Moines. 
The Wisconsin drift 'is distinguished by the great amount of 
coarse materials, sand, gravel, and bowlders that it contains 
and by the number and size of its moraines. A nearly continu-
ous terminal moraine marks its border; and within the border, 
especially iIi Illinois,' Indiana, and Ohio, are 'others which indi-
cate lines along which the glacier halted for long , periods' dur-
ing its recession. The clay of this drift is of a lighter yellow 
than the Iowan, but the lower unweathered portions are often 
bluish. It usually contains a large amount of .limestone in the 
form <?.f flour or of pebbles. This material has been leached out 
of the soil to a depth much less than in · the older drifts. The 
Wisconsin drift is less· compact and hard than the preceding 
drifts, notwithstanding its abundant calcareous element. , This 
sheet is much thicker than either the Iowan or the Illinoian and 
is sufficiently thick to hide completely the pre-Wiscoll!sin topog-
raphy. The Wisconsin is further characterized by the great 
number of la~es and ponds that are scattered over its surface. 
It has suff(lred relatively little erosion, so that the str~ams have 
not ,been able to work back to the original depressions on its 
surface and to drain them. 
- -
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The Wisconsin of Iowa displays it's, usual ·' characteristics. 
·As will be seen from the map, its eastern and western borders 
are stamped by moraines, and there are smaller ones within its 
area. Calvin stated that in Hancock county there is a morainic 
ridge. about 100 feet high. Along the western border, as Calvin 
stated, the surface is marked by hundreds of knobs and ridges 
of gravel. This' feature 'culminates in the Ocheyedan mound in 
Osceola county, so prominent that it is vlsible on all sides at a 
distance of 25 miles. In many places aro'und the bOFder of this 
Wisconsin lobe the outwash from the glacier has covered whole 
tow~ships with sheets of gravel; and trains of gravel are found 
along many of the streams leading away from the lobe. It is 
interesting to observe that .the area covered by the Wisconsin 
drift is occupied by numerous small' lakes, while few or none ' 
occur outside of it; also that nearly all the streams of Iowa take 
their origin within or close to this lobe of the Wisconsin. 
To those who may be curious to know how long it has been 
since the end of the Wisconsin stage, it may be said that Cham-
berlin and Salisbury give the time as between twenty thousand 
and sixty thousand years. 
, One can not doubt that during the prevalence of the Wiscon-
. sin, as indeed of each of the other glacial stages, a host of ani-
mals, among them many vertebrates, were living in our country. 
All the surface south of the great ice fields was populated. 
Many of the hardier species doubtless lived very near the bor-
der of the glaciers. Among them we may be very sure were . 
the hairy:mammoth, Elephas primifJenius, and more than. one 
species of musk-ox.en. To this stage may be assigned speci:rhens 
of the . existing musk-ox, Ovibos moschatus, which have been 
found near Clermont, Fayette ('ounty, and at Ottumwa, in 
Wapello county; also possibly the' skull of the extinct musk-
ox Symbos cavifrons which was discovered m~ny years ago at 
'Council Bluffs. 'Here, too, may be .placed the specimens of 
Elepohas primigenius found in the neighborhood of Clermont, 
as well as t:p.e · elephant represented by a lower jaw found at 
Olear Lake, Cerro Gordo county. !rhese specimens are described 
on pages following this . . 
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The· Interglacial Stag~. 
Having taken this brief view of the various glacial ,stages 
and the ,results of their activities w~ must consider the inter-
·glacial intervals. It is, of course, to be understood, that the 
transitions from glacial to interglacial stages and conversely 
,were not abrupt. The great mantle ' of ice, once in possession 
of the country, surrendered the . territory only slowly and re-
luctantly. For a long time the .elimate remained cold and in-
,hospitable~ The surface once covered by ice was doubtless' wet, 
swampy and capable of supporting only such vegetatipn as is 
now found on the tundras of 'Alaska and Siberia. Only .. the 
hardiest boreal animals- could exist there. As the climate ameli-
orated, those plants and animals that had, by the rigorous cli-
mate, been driven far to the south returned to take possession 
.of the land that had been inhabited by their· ancestors of pre-
ceding milleniums. There are reasons for believing that during 
. some of these jnterglacial stages, the climate was as mild as it . 
is today in the same regions, and in some cases' probably milder. 
In interglacial deposits found at Toronto, Canad,a, there have 
,been discovered, among other .. tree's, the osage orange,-the red- -
. bud, and the pawpaw, species which at present flourish only 
.considerably farther south. 
After. a long continuance of favorable conditions there came 
about another gradual change. 1;ce began to accumulate in the ' 
north and to flow southward. The living things, plants and ani-
mals, again moved southward or utterly perished. In due time, 
that is, after indete~minable ages, Canada and our northern 
states were again in the fetters of glacial ice. .And these changes 
were repeat~d se~eral times . . 
The Aftonian Stage.-This is the period of time that inter-
vened between the disappearance of the Nebraskan ice-sheet 
and the Kansan', and , the same name is applied to its deposits. 
'The type locality is .at Afton Junction, Union comity, Iowa. 
Here are found more than 30 feet of water-laid gravel which 
lies upon Nebraskan drift of a dark blue, almost black color. 
Over fhis' gravel there lies a thick deposit of Kansan drift. 
Near the same locality old, peat beds are found at the same 
geological level. Peat beds have been reported from various 
" 
24 PLEISTOCENE PERIOD IN lOW A 
counties of the state; and' the same is true regarding the Af-
tonian deposits of sand and gravel. In that part of the state 
which is covered with Kansan drift any old soil or. peat bed 
found between two till deposits is pretty' certainly ·,Aftonian. 
Shimek .found that along Big Sioux river the Aftoni'an is rep-
resented by silts· (usually gray), sand, gravel,. and, bowlders. 
The coarser materials are usually cross-bedded. J. A. 'Udden 
(Iowa Geol. Surv., XI, . p. 104) recognized. Aftonian sands and 
gravels ,in , Louisa county. Beyer (Iowa Geol. Surv., VII, p . 
. 231) reported Aftonian in a section abo~t ten miles' northwest 
of ~a.rshalltown. It is possible, of course, that there may be 
acmrtnulaiibns of gravel and sand within any of the drift sheets.; 
bu~ in that case the drift above would probably resemble quite 
closely that below. In the Kansan drift region it is possible 
that an old soil or peat bed might be found overlying the Kansan 
and ,covered with loess. Such a deposit would belong to some 
later interglacial time. In Decatur county, near Lamoni, there 
was found, according to Bain (Iowa Geol. Survey, VIII, p. 289), 
in a well at a depth of eighty-five feet an old forest. Beneath 
. this was 100 feet of drift. The latter was probably Nebraskan, 
while the forest belonged to the Aftonian. 
Mtonian deposits are quite certainly present at Davenport. 
Pratt (Proc. Davenport Acad. Sci., Vol. I, 1876, p. 96, pI. 
XXXII) reported the discove.ry of mammoth bones, which had 
been found in a railroad cut just west of the city. He described 
the followi:r;tg section: 
FEET. 
1. Recent soil . . .. . .. .. .. ......... . .... .... ... .. .... . .. . 1 
2. Yellow clay . . . . . . ....... .... .... . .. . . . .... .. . ... .. .. . 20 
3. Bluish gray clay ... ... ... .. . . . . .. ...... . . .. .... . ... 3 to 5 
4. Peat beds . ... . . ... .. ... ... " . . . . ........ .. • . . . .. '. . . . . . 1 
5. Ancient soil ... . .. .... .. . . .. . .. .. .... . ... . .. ..... . . ... '2 
6. Drift with bowlders. 
Shimek (Iowa ,Geol. Survey, Vol: XX, p. 376) interprets No. ' 
6 as being possibly Nebraskan drift. Numbers 4 and 5 and 
probably part or the whole of 6 are regarded as Aftonian, 
. while 3 is identified as post-Kans·an loess. This is overlain 
by number 2, a yellow loess of later' time. The bones were in 
the blue loess or at the junction of this and the yellow loess. 
Possibly this junction represents the Dlinoian stage. 
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Mest of the 'exposures of Aftonian deposits are · kn0wn from 
those counties which border on Missouri river ~ The writer has 
prepared a map (PI. I) and a list which are intended to include 
and describe the position of the principal exposures . of intergla-
cial deposits that have been reported from the state. This list is 
quite certainly not complete; but it m~y serve to suggest where 
other exposures may be looked for. The numbers on the map 
correspond to those in the list. In this list such details are 
presented as appear important and justified by our .knowledge . . 
In some of the cases mentioned it has not been :ppssible to 
determine with certainty the interglacial stage ·to which an 
old soil or a peat bed,. or a gravel bed, belongs. All of those in 
the counties along Missouri river are pretty certainly Aftonia:il. 
The Aftonian is, for our purpose, the most important of the 
interglacial stages, because of the considerable number of verte-
brated animals that have been discovered in its deposits and 
. because' we are able to determine quite exactly their geological 
position. These remains, a list of 'which is given below, ' have 
. been collected · mostly by the members of the Iowa Geological 
Survey. and especially by Prof. B. Shimek, during his investi-
gations on the . loess, and were studied and described. by the 
late Dr. Samuel Calvin. These fossils seem to indicate that 
the Aftonian interglacial stage corresponds to what on the 
Plains have been called the Equus beds; at least, to that part 
of the latter whlch contains 'remains of camels. 
Besides the remains of Vertebmta, these Aftonian deposits 
have furnished a considerable number of species of freshwater 
. mollusks. Lists of these, as well as of the Vertebrata, are given 
by Professor Shimek (Bull. GeciI. Soc. Amer., XXI, pp. 126-138). 
As regards . tl;l.e vertebrate remains, they are usually more or 
less imperfect, consisting often of single teeth or bones, but 
occasionally a quite complete set of teeth, or teeth and jaws, 
has been found. . 
The plants. that have been fQund consist of a few mosses . 
and remains of a few coniferous trees. 
. . 
, 
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LIST OF REMAINS OF VERTE~RATA DISCOVERED. IN ' THE AFTONIAN. 
M egalonyx leidyi~ . . .... .. .. ... .• ... . . . ... .. . . .. . .. .. . Extinct sloth 
MyiorlOn harlanv, . . ... . ... .... . .......... .. ... ... .... Extinct sloth 
Neoliipparion gratum ? .. ..... . .. : . :; . ... .. .. " .. .. .. Three-toed horse 
Equus . complicatus . .. . ... . . .. .. .. .. .. . . . .... .... ..... Extinct horse. 
E . laurentius .. .• •. . . .... . ... .. . ..... ... , . .... ...... ... Extinct horse 
E. niobrarensis . ........... ... .. . .. .... .. . . . . .. ..... . Extinct horse 
Oadnelops katn'sanus l' . .. " .... , . . . . , . ... .. .... ... . ... , Exlinct camel 
Camelus? sP .... ; ........... . .............. : . ....... . ,Extinct camel 
Mylohyusf temerarius ............................... ,Extinct Peccary 
AJces shimeki. ...... . . .... . . ...... . ..... : ... . Extinct moose 
Attonius calvini . .. .... . . . . ........ : ........ .. ... .. ' .' Extinct goat 
BisOIll sp .. ... ... . .. ..... . . .. .. .. . ....... ... .. .. .. ... Extinct bison 
MamrnAJ,t americanum . ............... '.' ............ . . . American lI\astodon 
M. progenium .... . . .... .. . .. . ........ . ... , . .... .. ... . Long·jawed lI\astodon 
Rhabdobunus mirificus . . . : ...... . . ... . ' . .. . . . . . . .. . ... Fluted-toothed mastodon 
Elephas primigenius . .. ............ ... .. .. . ... . .... .. Mammoth 
Elephas columbi .. . .. . .... . . .... ... . .... , ... . ... ... . . Columbian ,elephant 
Elephas imperator ...... . .................... : ...... . Emperor elephant 
Castoroides ohioensis . ............... .. . . .......... .... Giant beaver ' 
Castor canadensis .... . . .. . . .. . .. .. ... . .. .. .. .. . , .. " .Canadian beaver 
Ursus americanus .... . . ......... .. .. ... .. .. . .. ... .. .. American black bear 
For ,purpose of comparison there is presented the following 
list of mammals found in .the Equus beds at Hay Springs, 
Nebraska. This is taken from))r. W. D. Matthew. , ,' 
Mylodon sp ... .. . . ..... . . .. . ..... .. .. ....... . . . . .. .... Extinct sloth 
Eq,,!-us complicatus . .... .. ....... .. ... .. ... . .. ... .. .. . Extinct. horse 
Equus fraternus ........ .. . ·: .... .. . . . .... .. .. . , . .. . .. Extinct horse 
Equus scotti . .. .. . . .... . ..... . .. ... .. . ... . .. . . .. ..... Extinct horse 
Platygonus vetus ............ , .. ... . ..... ..... .. .. .. . Extinct pecc~ry 
Platygonus compressus ......................... . .... . Extinct peccary 
Leptochcerus sp .. .. ..... .... . .. .. .... . ..... ... .. . .... Extinct hoglike beast 
Came lops kansanus . . : ... . ... .... . ..... .' . ... .. ... . . ... Extinct camel 
Oamelops vitakerianus . ......... ........ . . . ...... .' .. . . 'Extinct camel 
Camelus am,ericanus . .. .. . .. .. : .. . .... . . .... . .... . .. . Extinct camel 
Antilocapra americana . . .... . ... ... . . . .. .... . ' . . . . . . .. . Pronghorned antelope 
Capromeryx furcit er . ... . . . . .. ... .. ..... .... .. . ..... "Extinct deer·antelope 
Elephas ' columbi .. . ....... .... . .. .. . ................ Columbian elephant 
Castoroides sp .. ... . ... ... . ....... ... ......... . . ... . .. Giant beave~ 
Microtus amphibius l' . ................. . . .. .. .. . . . .... Field 'mouse 
Fiber zibethicus, ............. . .........•............. Musk-rat 
Cynomys ludovicianus !' . .. .. .... . ...... .. ..... ' ...... " .Prairie-dog , 
Thomomys sp .......................... . , . .. .. . . ..... Pocket-gopher 
Canis latrans' . .................................. .. .. Coyote 
Dinocyon? .... ...... .... .. . . .... . ................... Extinct carnivore 
Felis? .................... . ...... . ... .... .... .. ..... Extinct cat 
THE YARMOUTH .STAGE 
It may .be added .that in a list. of fossils found s.omewhere in 
the Oregon desert, Matthew records a similar group .of animals, 
and among them are two ' species of moose, Alces, and a species 
of Orea'f!J'nus. .'
It will be observed that so far as the Aftonian is represented 
in . the collections m~de, it furnishes a list not . gr~a'tly .differ-
ent from the .more western,Iocaliti.es. Such 9ifferences as, ap- . 
. pear m,ay be due to lack of adequate collections. In both lists 
are mylodons, horses, camels, ma.~todons, elephants., goatlike 
spec.ies, and, moose. ., " . 
. The Yarmouth Stag e.- This is the interglacial interval be-
tween the Kansan and the Dlinoian glacial ·stages. · The de-
posits, of course, bear the same name. The type locality is 
,·found near the village of Yarmouth, in Des Moines county . 
. Probably everywhere in Iowa, within the area covered by the 
Illinoian .drift-s-heet, there are deposits of one kind or another 
that belong to the Yarmouth epoch. Possibly corresponding 
deposits occur elsewhere in the state overlying the Kansan 
and covered by some of the loess deposits; but at prese;nt it 
might be hard to distinguish ' such from those of the Sangamon 
and Peorian. Moreover, the surface of the ~ansan underwent 
a good deal of erosion before the great body of the loess was 
laid down and has undergone not a little since. Indeed, Lev-
erett estimates that of the original surface of the Kansan only 
from ten to thirty per cent remains at the present time. The 
result of this erosion would be the prevention of deposition 
during the Yarmouth time except in favored localities. Lev-
erett has furnished a section from a well which several years 
ago was sunken near ~ armouth. It is as follows in the de-
scending order: 
FEET. 
7. Soil and loam (Iowan loess) . , .. . ... " ., ... , . . . . . . . ... . 4 
6. Brownish yellow tiH (I~linoian) ..... . .... . . . . .... J . • •• 20 
5. ·Gray. till (Illinoian) ........... .... ... .... . ; ... . ... .... 10 
4. Peat bed with twigs and bones (yarmouth) .. . ... . . 15 
3. Gray or ashy sandy clay, containing wood (Yarmouth) .. 12 
2. Fine sand (Yarmo.uth) ..... . . ... : ...... .......... .. ~ ... . 16 
1. Yepow sandy till with few pebbles (Kansan) . .. ..... . ... 33 
Total depth . . .... . ... . . . ... ... .. . .. . . . . .. ... ... . . 110 
. ~ . 
. ' 
28 PLEISTOCENE PERIOD IN lOW A 
.... 
It will be observed that the total thickness of the Y ~rmouth 
in this section is forty-three feet and that it is overlain by 
thirty feet of illinoian. 
Lev.erett states that similar peat beds are f<;mnd all ever ·that 
portion of southeastern Iowa that is covered by Illinoian till; 
but that they ' are more prevalent' near the border of this . drift. 
The peat is usually associated with sandy beds. . 
The upper surface of the Kansan is found to have been ex- . 
tensively weathered, a fact which implies that a long lapse of 
time intervened between the disappearance of the Kansan ice 
and the deposit of the beds of sand and the .growth of the peat. 
The Yarmouth is therefore regarded as representing a very 
long period of time. . 
The plants found in the peat deposits have not been . thor-
oughly studied but they appear to be conifers and largely red 
cedar. In the well at Yarmouth were found some bones which 
have been identified by Dr. F. W. True as those of the cotton-
tail rabbit and the skunk. Leverett has told us that specimens 
of the wood were so well preserved that they took fire as readily 
as recent wood; also' that the marrow of the bones was yet pre-
served·. 
Leverett states (Mon. XXXVIII, U. S. Geol. Surv., p. 46) that 
he has observed several exposures of an old soil and weathered 
zone in western Scott and eastern Muscatine 'counties, between 
wh~t he regarded as Kansan and Illinoian drifts . . These ex-
posures are especially conspicuous north and south of Blue 
Grass in Scott wunty. Here the Yarmouth soil and weathered 
zone are represented by a gummy black or gray clay, changing 
below to a reddish brown till. At the same localities is found a 
Sangamon soil above the illinoian tilL Yarmouth soils have 
been reported at Davenport. HeTe would belong also the bluish 
gray loess found in a railroad cut west of navenport (Shhnek, 
Iowa Geol. Surv., Vol. XX, p. 376) .. According to Leverett there 
are at Muscatine, beds of sand and silt between the Kansan and 
the Illinoian, and these may represent the Yarmouth; but there 
a~ear to be some differences of opinion as to the age of some 
of the Pleistocene deposits there. In a ravine about a mile 
northeast ~f West Point Leverett found an exposure which fur-
nished a section which he interpreted as follows: 
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FEET, 
5. Yellow Iowan loess or silt ................... " . . . . . . . . 6 
. 4. Sangamon soil .............. , ... ' ........ :~ ' . . .. ~ ... ' ... ' 5 
3, IlUnoian till, brown and with boWlders ........... '. . . .. '15 
2. Yarmouth, black muck ..............................• 6' , 
1. Kansan, brown clay ............. : .. : .,:::............. 15 
Leverett informs 'us that in a well madesouth .of New Lon-
- ' " ' . . . 
don logs and wOQd were found at a depth of forty feet. 
It appears that iI;l this region cov.ered With Illinoian drift all 
the Pleistocene\"stages beloW' this are represented in some form 
o'r other. It · offers therefore a fine field for the study of th~ 
Pleistocene deposits and of the life of the time. It will no doubt 
be 'difficult in many cases to determine the level of some of the 
interglacial beds; hut they' ought to be searched industriouSly 
for animal and plant remains, and accurate records ough~ to . 
be kept- of conditions under which all these occur. 
It may be permitted . to mention here deposits of loesslike 
silts, old soils, and mucks of undetermined age, but probably at 
least as old as the Illinoian drift. wbich were discovered 'in the 
vicinity of Rock island, Illinois, by J. A. Udden (~~verett; 
Mon. XXXVIII, p; 114). On pages 47 and 48 of this work Lev-
erett presented a section seen on the bluff of Mississippi river 
at Muscatine. Neal;' the bottom of this section was found a 
blue-black ti.ll with fragments of wood and, underlain by a thin ' 
bed of peat. This was supposed to be pre-Kansap. and Shimek 
(Bull. Geol. Soc. Amer., XXI, p. 139) regards it as Aftonian. 
Th.e Sangamon St~ge.-This interglacial interval and the de-
. posits representing it take their name from old soils and loess ~ 
whic~ occur along Sangamon river, in central Illinois. In that 
region are found, overlying the Illinoian drift, a black soil, 
.- often thi~, but in old basins forming peat beds which ~re 'some-
t~es mo;re than twenty feet thick. ' Over thi~ there is a loess 
several ' feet thick. . Leverett states that exposUl:es of , Sang- , 
amon soil and of the overlyi~g loess beneath Wisconsin, drift 
are found along streams in , central and eastern Illinois and , 
across Indiana into southeastern Ohio. In' Iowa' the Sa'ngamon 
has been reported from. several points, but there is sometimes 
uncertain'ty about the determination. ' Calvin (Buli. Geol. Soc. 
Amer., Vol. XX, p. '143) stated that there were' no very satis~' 
~' 
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factory exposures of Sangamon in Iowa. ' U dden (Iowa Geol. 
Surv., Vol. XI, p. 109) recognized deposits of this stage at many 
points in Louisa county: ,At Daveilp<;>rt there is a yellow loess 
' which overlies ,~ bluish' 'gray .loess. The latter is by Shimek 
J , (Iowa Geol. Surv., Vol. XX, p., 376) , identified as a loess l~id 
down during Yarmouth times. The yellow loess, probably rep-
resents the Sangamon, as suggested to the writer by Shimek. 
" \ . ' 
This a-qthor , has 'presented ' a section found at Des Moines 
(Bull. 'Geol. Soc. Amer., Vol. XXIII, p. 710) in which are two 
sheets of loess. Of these the upper may belong to the Sanga-
mon stage. " " ' .. 
, Sangamon deposits have 'been reported from near Mont-
pelier i:p. Scott county. According to Leverett, a Sangamon 
pebbly bla~~ !3oil'three feet thick is found at Muscatine overly-
ing leached brown Illinoian t~l. It is to be recollected that both 
4ftonian and yarmouth have been reported at this place. 
At this point mention may be ma:de of a clay, very sticky, 
v.arying in color from light 'gray to nearly black, which occurs 
in southea,stern Iowa, northern Missouri, and southern Iilinois, 
and wlJ.ich has the popular name of gumbo. The black portions 
r.esemble swamp mucks. This clay is fine, but contains occa-
sional pebbles, rarely more than one-half inch in diameter. It 
r~poses on ,the eroded surfaces o~ the Kansan and the, lllinoian 
. drift's and is overlain by "Iowan ,loess." The origin of this 
gumb'o has not been determined. To the writer it seems best to 
refer provisionally this deposit to the Sangamon. Tilton has 
referred gumbo found in, southern Iowa to the close of the 
Kansan stage. 
As insufficient as in the case of the Yarmouth is our kD.owl-
edge of the animal and plant life of the Sangamon. It would 
seem that the old soils and peat beds that are so widely dis-
tributed ought to furnish remains of many small vertebrates, if 
carefully explored. 
It is certain that during practically the whole of the Pleisto-
cene there lived species of megalonyx (sloths), elephants, mas-
todons, giant beavers, and peccaries. .All of these are found 
abund,antly jn old pond, riyer, and marsh deposits which over-
lie the Wisconsin drift; and all have been found too in the Af-
-----------
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tonian or equiyalent deposits; " ,On the other hand, in post-
Wisconsin beds there seem to 'occur no horses, no tapirs, no, ex,. 
tinct bisons, no ' eamels, and: no species of Mylodon (sloths). A 
fossil ' horse has ~een found in Illinois in a swamp deposit that 
overlies lliinoian drift; 'and hence it probably belonged to th~ 
Sangamon stage. Tapirs ' prob,~l;>ly lived during this time and 
previously. The' extincL s.pecies .of bison are rare ' in .the oldest 
.Pleistocene, so far as known; 'hence, the numerous remains found 
of. these probably existed' during what we may regard as th~ 
middle third of the Gl~G.ial · epoch. During the glacial stag~s 
they doubtless inhabited· the region south of the great ice-
sheets; but during the interglacial stages they occupied' nearJy 
the whole of North America: W e ~ow of no camels later than 
the Aftonian. We cannot. now, determiJ?e when' the mylodons 
became extinct. We may, therefore, be pretty certain that dur-
ing the Yarmouth and Sangamon there roamed over our ' cou,n-
. try two or three kinds ' of E:lephants, a species of mastodon, ta~ 
pirs, several species of .peCcaries, several species of bisons, one 
or more species of horse, and one or more species of Mega-
lonyx (sloths). In our ' swamps were colonies of giant beavers, 
as well as of the common beaver. 
In the Memoirs of the American Museum of Natural History 
(Vol. XVIII, pp. 157 ~208, with twelve plates) Mr. Barnum 
Brown described remains of about sixty species of vertebrates 
which he collected in a 'fissure in Newton county, in the north-
western corner of Arkansas. 
It is thought worth the 'trouble to give here a list of the mam-
mals found in that fissure. Those species and subspecies which 
,are preceded by a star are now extinct. Some changes have 
been made in the nomenclature to conform with that given by 
Mille.r (North American'Land Mammals, 1911). 
LIST OF MAMMALS FOUND IN CONARD FISSURE, NEWTON COUNTY, 
ARKANSAS. 
• Blarina orevicaudJa ozarkens£s .... ' .............. ShorHailed shrew 
Sorex personatU$ ................... " .......... Common shrew 
·Sorex personatus fossidens .... .. .... : ........... Comm~n shrew, subsllE!cies 
Sorex ooscurus' .......... .. ' ..... . ........ : : .... Shr.ew 
Sorex fumeusf .... · .......................... 1 • Shrew ' 
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·Microsorea; minutus .................•....••.. Shre,w 
Scalopus aquaticus : ...................... . .... Common mole 
• Eptesicus fuscus grandis . .. -............•....•... Brown ba,t, subspecies 
Myotis subulatus f .............................. Little brown bat 
*M ephitis mephitis newtonensis . ........•....••.. Common skunk, subspeCi~s 
Spilogale interruptar _ ....................••.... Little striped skunk 
·Brachyprotoma pristina , .. . ...........•..•...••. Extinct skunk 
Brachyprotoma spelma ......................... . . Extinct skunk 
Martes pennanti ....•.... .. .................•.. Fisher martin 
Mustela vison . .•.•...•......................... Mink 
·Mustela cicognanii angustidens .. ............... Weasel, subspecies 
*Mustela gr:aci~is .......... . ......... . .......... Extinct weasel 
Oanis occidenrtalisr ............... . ............ Gray wolf 
Vulpes fulvar ......... ... ..... • .. . -.....•••..... Red fox 
Urocyon, sp. . .................................. Gray fox ' 
Procyon lotor ...............................•. Raccoon 
Ursus amer:icanus .... . ........................ Black bear 
• Lynx compress us ........ , ........ . .•.......... Extinct lynx 
l/ynx ' rufJus f ....... , ............... , ......... : ·: Bay lynx 
Felis cougar ..........................•.•...... Puma 
"'Felis longicrus ' ......................... . .. ... .. Extinct. cat 
.Smilodontopsis troglodiytes . .. .. .... . ... . ... .. ... Saber-tooth cat 
"'Smilo,do,ntopsis conardi .. . ...........•.......... Saber-tooth ' ca.t 
EretMzon dorsatum . . . ' . . ..... . : ... . ..... . .. .. .. . Canada porcupine 
Marmota monax ...•.•••. . •..•..•.••••.•••••••• Woodchuck 
Sciurushudsonicus ............. __ .. ; ....••.... Red squirrel 
"'Tamias nasutus .: ...•............ ! ••••••••••••• Extinct chipmunk 
Oi,tellu8 l$-lineatus . ••................. ' .... _ . ... Striped gopher 
.Geomy~ parvidens . ' ............•••. ' ,' ', ' •••••••• Extinct pocket gopher 
Oastor canadensis ....... . . ................•.... . ,Beaver 
PerQIDyscus sp. . .. . ' . ................. .- .••...... White-footed mouse 
·Neotoma ozarkensis .•...... ' .................•.• Extinct wood-rat 
.Fiber annectens ......... ..... ............ . .... . Extinct musk-rat 
Microtus ochrogaster ...... . ...........••....... Meadow mouse 
Le,pus j!orirLanus . •.........•.. ' ........... . ... ~ .. Cottontail rabbit 
Lepus americanus .•........... .. ............•. Varying hare 
"'Lepus giganteus ...... . .. . ...................... Extinct hare 
*Equus scottit ........... . . ' .. .................... Horse 
'*My.lohYils sp. a . . ........ . .. . ........... . ...... ,Extinct p~ccary 
.MYlohyus sp. b .................... : .......•.... Extinct peccary 
.Mylohyus sp. c .............. .... ....... . ..... Extinct peccary 
Oervus canadensis . .... . . . ...........••...••. . . Wapiti , 
Odocoileus hemionu's . . ...... . ..... . .....••...• :-Mule deer 
Odocoileus virginian us . ..... . ................... White-tailed deer 
·Symbos australis ............ . ................• Extinct musk-ox 
Besides these mammals there were recognized seven species 
of birds, three or more species of reptiles and a few sp~cies ' of 
amphibians. ' Brown remarks that most of the , small burrew-
• 
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ing ·animals f re of a boreal type, and that this signifies a 
crowdin:g southward of northern forms before the adv.ance of 
one of the great ice-sheets. As instances of boreal forms oc-
curring in the fissure in Arkansas may be noted the shrew, 
Sorex personatus. It lives at present from New England to 
Alaska and south, in high mount~ins, to Tenness~e and North 
Carolina. Sorex obscurus is now found in British Columbia 
arid on mountains of the western part of the United States. 
In Gerrit S. Miller's List of North American Mammals this 
species is 'said to be restricted to the boreal zone. 80rex 
fwmeus is a species belonging to the (lanadian and Transition 
faunas of the Eastern United States, but ranging southward 
in the Alleghenies. 
Erethizon dorsatum, . the Canadian porcupine, is a species 
which is northern in its present distribution; although as Brown 
remarks, it formerly may have come as far south as Kentucky. 
Lepus ame1-icanus, the, varying hare, is at present known only 
from Canada, Alaska, the more northern of the United 8tates, 
and from the mountains of Virginia and West Virginia. 
Several other species have a general range farther north 
than northern Arkansas, but may, even within historical times, 
have extended south as far as the region just mentioned. 
Hence, their occurrence in the fissure does not necessarily im-
'ply a colder climate than now prevails t:q.ere. The . presence 
of species of Symbos, the musk-ox, if such it was, is another 
indication that this collection of animals existed at a time when 
the climate of the region was yolder than at present. 
Certain genera and species which one might expect to find 
here are wanting. Such are the elephants, mastodons, tapirs, 
biso:q.s, moose, giant beaver (Castoroides), ·and megalonyx; 
but, at whatever stage of the Pleistocene we shall reasonably 
place this assemblage, these ' animals were undoubtedly living 
not , far ' away. Doubtle'ss this absence is due simply to the 
chances attending on their getting into 'such a fissure. 
Taking into , consideration the percentage of extinct species, . 
about forty per cent, the nature of the extinct and . living spe-
cies represented and the. kind of climate indicated, the· writer 
is disposed to believe that this fauna lived during the Illinoian 
3 
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stage. It cannot be doubted that practically th'6)- same fauna, 
plus some or all of the forms mentioned above, 'inhabited t4e 
same general region during the preceding stage, the Yar-
mouth, and the succeeding one, . the Sangamon. . 
The following species are referred, with some reservations, 
to the Sangamon stage in Iowa: 
Mammut americanum .. ___ ....... .. .. . . _ . . . . __ ' " Mastodon 
EZep1l:as primigenius .. . ........... '_ .. . . . . .. ... .. . Mammoth 
Rangiter muscatinensis . . ..... .. . ..... . _ . . . . .. ... . Caribou 
Oervalces roosevelti. _ ... .... . . . .... . _ .. .. . .... . .. Moose ' 
pison occiaentalis . ... . . . . _ ... ..... .... .. .. ' . .. . . . . Bison 
! 
The assignment of Rangifer to this stage is uncertain and 
is based on the statement by Professor Witter, that the type of 
. the species was found in the loess at Muscatine. This state-
ment is ' questioned by Shimek, who has furnished me with the 
following statement: 
In connection with Witter's ' Rangifer I wish to note that 
Professor Witter pointed out to me the exact spot from which 
the bones -and teeth were taken. The lower part of the expo-
sure shows a heavy, close-grained deposit not · unlike the . Love-
land in appearance and probably bearing the same relation to 
, the Illinoian which the Loveland bears to the Kansan; Above 
this is a deposit of true yellow loess. At this point the two are 
not ,sharply separated (probably because of local wash and re-
deposition) and the, bones in question were found in this inter-
mediate .portion.. It is the only place (and case) where there 
seems to be a suggestion ' offered that at the close of (or im-
mediately following) a glacial stage there were Arctic mam-
mals in Iowa. These bones are not associated with ordinary 
loess fossils, for the latter ar~ restricted to the upper part of 
the deposit,-that which is manifestly loess. Neither are they , 
, in Illinoian drift, but in a deposit evidently closely following 
it, and preceding the deposition of the loess proper. 
At Toronto, Canada, a fragment of an antler of a caribou 
has been found in deposits corresponding probably to the 
Sangamon. At Correctionville, Woodbury county, have been 
found fragments of antlers of 'a caribou possibly Rangifer 
muscatinensis. Here, too, 'have been found 'remains ofElephas 
,primigenius and of a bison, Bison occidentalis. If ' all were 
found in the same deposit the writer wouM regard them as older 
than the Wisconsin drift. 
I. 
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lt appears pro.bable that the scapula o.f a masto.do.n fo.und at 
Wilto.n, Muscatine co.unty (Io.wa Geo.L Surv., Vo.L IX, p. 352)-, 
was ' fo.und in Sangamo.n ~o.ils. lt seems no.t impro.bable that . 
so.me o.f the masto.do.n teeth and mammo.th teeth fo.und at Des 
Mo.ines . and described o.n ano.ther page . belo.nged to. the Sanga-
mo.n. 
lt js no.t impro.bable that a ho.rn-co.re sent to. ' the N atio.nal 
Museum, fr9m Webster City, Hamilto.n co.unty, by Charles 
Aldrich, and mentio.ned on a succeeding 'page, was derived fro.m 
so.me Sangamo.n interglacial depo.sit at that place. --
The Peorian Stag e.-This name is applied to. the interval be-
tween the Io.wan and Wisco.nsin stages, as well as to. whatever 
depo.sits may have been laid do.wn during that intervaL This 
stage is so.metimes revealed simply by ero.sio.n o.r weathering .o.f 
the surface o.f the drift, o.r o.f the lo.ess that was expo.sedto. the 
actio.n o.f the elements. The type lo.cality is fo.und east o.f Pe-
o.ria, Illino.is. Here, beneath the earliest Wisco.nsin drift, is 
fo.und a fo.ssilifero.us lo.ess that has been regarded as repre- ' 
senting the Io.wan glacial stage. The upper po.rtio.n o.f this 
lo.ess is -leached and stained a dark bro.wn, as if it had o.nce 
been a plant-suppo.rting so.il. The lo.ess itself, six feet thick, is . 
underlain by fro.m three to. five feet o.f peat, which is regarded 
as belo.nging to. the Sangamo.n. Unfo.rtunately no. Io.wan drift 
is present here, and no. lo.cality is kno.wn where bo.th drifts are 
present with evidences o.f the Peo.rian stage between them. 
Whiie the lo.ess in the regio.n abo.ut Peo.ria pro.bably belo.ngs 
mo.stly o.r alto.gether to. the Sangamo.n stage, it seems to. the 
writer that it may have been fo.rmed partly at a later time. Or 
the ero.sion may have o.ccurred during the Io.wan stage, and the 
leaching a:p.d the plant -growth during the Peo.rian stage. Cal-
vin at o.ne time ~xpressed the o.pinio.n that the "Io.wan" lo.ess 
at Peo.ria might belo.ng to. the early Peo.rian stage. Tp.is idea 
appears to. co.nfo.rm with the results o.f more recent studies . 
. As has been stated already, so.me autho.rs, amo.ng them Lev-
erett, pave questio.ned the existence o.f a distinct Io.wan drift~ 
sheet. If the idea is co.rrect that. the Io.wan drift is to. so.me 
extent the equivalent o.f the Illino.ian, it will be necessary to. re-
gard the so.-caned Peo.rian stage snd its pro.ducts as really be-
I. 
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longing ,to the Sangamon. It is to be desired that tJ+e Iowan 
sheet, .as. displayed in Iowa itself; be thoroughly studied and, 
if possible;, established, and that the interglacial deposits be . .: 
tween it and the overlying Wisconsin be sought for. In one of 
his papers (Bull. Geol. $oc. Amer., Vol. XX, 1909, pp. 148-149) 
Calvin has mentioned two localities in Iowa which he supposed 
to present deposits of Peorian time; but in neither case is this 
Peorian underlain by Iowan drift. The following section was 
obse:r:ved atl iDes Moines: 
3. ' Wisconsin, with bowlders 3 to 4 feet di.ameter. 
2. Loess, containing terrestrial mollusks. 
1. Kansan drift, profoundly weathered. 
The other section was at Carroll and is thus presented by 
Shimek (Iowa Geol. Surv.; Vol. XX, p. 390): ' 
, ' , 
FEET. 
6. Wisconsin' drift . .... , .. .. : ... .. ... .... ......... . . . . .. 1 to 5 
5. ,Yellow loess (post-Iowan?) ........ . .... ..... . ... . . .. .. 10 
, 4. Bluish gray loess (post-Kansan) . .. . . .. . . .. .. .... . 5 to 6 
3. Black, mucky, soil-like band .. ...... . . . , , .. .. ... , " .. . . 1 
2. Heavy. reddish, joint-clay (Loveland) .. ..... .. . ,....... 1 
1: Kansan drift. 
In this section there is nothing to prove that the yellow loess 
. has not been laid down before the Iowan drift. In a note to the 
writer Shimek says . that the yellow loess may correspond in 
part at least with the Sangamon. In the following section 
taken at West Amana, . the yellow loess overlies the Iowan 
drift: 
, FEET. 
4. Yellow loess .. ..... . . ..... ... . ... ... . , . ... ' . . .. ...... 10 
3. Iowan drift . . . . .. . .. . ,.... . . ... . ..... . .. ... .. . .. ...... 4 
2. Kansan drift .. . ... . ..... .. ... . .. .' ". ... .. .... ... . ..... 4 
1. Carboniferous sandstone. 
Number 4 must be, regarded as a deposit of the Peorian stage, 
unless it shall be shown that the Iowan is equivalent to the 
Illinoian. ' In this case the loess would belong to the Sangamon . 
. It would appear that favorable localities for finding Peorian 
soils would be found along the eastern border of the Wiscon-
sin lobe; in Worth, Cerro Gordo, Franklin, and Hardin. coun-
ties, where the Wisconsin is believed to overlap the Iowan. In 
this region railroad cuts, the banks of streams, and wells along 
the Wisconsin moraine ' might furnish some trace of the under- ' 
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lying Iowan with a soil above it. However the Iowan was. so 
thin when laid down that Doth it and the Peorian soil would) in 
all but the most favorable positions, have been plowed up by'the 
- Wisconsin glacial. ice. In Beyer's report on Rardin county it 
is stated that in section 6, township 86 north, range 20 ~est 
(Providence township), loess is found in a' railway cut and that 
this is overlain by twenty feet of Wisconsin drift. This loess 
itself overlies oxidized Kansan drift; -but is suppos~d to be of 
post-Iowan, that is, Peorian, age. We are told, too, that well-
drillers' records show a zone containing wood and that this zone 
is believed to lie near the ba se of the Wisconsin drift. . . 
It may be said that we know little or nothing regarding the 
vertebrate animals that lived during the Peorian stage, -except 
what we may infer from our knowledge of those that lived pre-
viously_ and those which lived after the Wisconsin glacial stage. 
We have reason to believe that immediately before the Wis-
consin or during that stage many animals became extinct, as 
the horses, probably the tapir, and various species of bisons. 
None of these forms, except the common bison, are . found in 
deposits overlying the Wisconsin drift. 
. ,-
The Wabash Stag e.-This cannot be called exactly an inter-
glacial stage; unless, indeed, as has been suggest~d by some 
geologists, our region is fated some ages hence to be over-
whelmed by another sheet of ice comparable to those which have 
already passed over it. The name Wabash has been given by -
the author to beds found in Indiana resting on the Wisconsin 
and containing the remains of such extinct animals as the 
hairy mammoth, the Columbian mammoth,. the mastodon, the 
-giant beaver, peccaries, musk-oxen, etc. They are regarded as 
- baving been laid down in the interval between the disappear-
ance of the Wisconsin ice and the beginning of the Recent pe-
riod: Without a doubt, deposition in lakes, ponds, an:d 
marshes went on without interruption during the two periods 
i 
and the only distinction between the two deposits will be that 
the earlier contains a number of extinct species, while the later 
contains only species that are now living. Exact .limitation 
cannot be made and we are not required to perform the 1m-
_ possible. 
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To . this stage are assigned provisionally the. list of mam-
mals which have been found in the lead region. . Some of these 
were collected ' in Iowa, near Dubuque, others in . Wisconsin, 
others in Illinois, in the neighborhood of Galep.a. In the case 
of some of the species it is not known in which of the three 
states they were found. Apparently seven of the species are 
extinct. These are marked by. a star. 
*MegaXonyx jeffersDnrii. " , , . ... : . .. .. . " " ... . ... .. ... . Extinct sloth 
* Platygonus compressus . .... . .... ..... ... ....... . . ' ... . Extinct peccary 
* Tayassu lenis . ... , .. .. . .... .... .... .. . . ... ~ ... .. . . .... Extinct peccary 
IJdocoileus 'Virginianus . .. . ... ' . .. . . ... . .. ... .... ... .. ... Virginia deer 
*Odocoileus wh,itneyi . . . . .. . ..... . .... . . . ...... .. ...... Extinct deer 
Oervus canadensis . ............ .. . . . .. . ... . .. ..... .... Wapiti, or elk 
Antilocapra americana . . . .. . ... . ..... ... . .. ..... ..... .Pronghorned antelope 
. Bison bison? . . . .. . ' .. . . ... .. .... . .... .. .. ... . .... .. .. American bison 
* Mammut amei-icanum . •.. : . . . . . ..... . . ....... .... . . ' . . .American mastodon 
Marmota monax . . .... ... . ... . .. .. ....... . · . .. . : . .. . .. . Woodchuck 
Microtus sp. . ... . ... .. . . .. . ... . . . . ... ... . .. . ... . . ... . Field mouse 
Geomys bursarius .. . . . .. ... .. . .. . . .. . .. . : .. ....... . . . Pocket-gopher 
L epus fioridJanus f . ... . ... ...... . .... . . . . . ... ; ..... . .. ,Cottontail rabbit 
* Anomodon snyderi . .. .. ... ... ... . .. .... . .. . . . . .. ..... Extinct insectivore? 
* Procyon priscus . ... . ........ . .... .. , ... . . .... .. . ' .. ... . Extinct ra ccoon 
Oanis occitZentalis .. .... . .. · ... .... . ....... .' .· . .... . . . . . Gray wolf . 
Oanis latrans . .... . . ....... • . . . ', ' . . : . . : ..... , .. . . . . .. : ,Coyote 
The Loess. 
On the preceding pages mention has frequently been made 
of the occurrence of beds which bear the name of loess. It is 
thought that these should be more particularly described .. 
The term loess has been applied to deposits found in widely 
r emoved parts of the .world, and which differ more or less in . 
compositioil, appearance, and ' probably in origin; but which 
have in common ' certain ' conspicuous ' qualities. The material 
is usually soft, though cohesive ; so that where it has ' under-
gone erosion, it often presents nearly . perpendicular faces; it 
is filie-grained, and of a light color, yellowish, sometimes 
bluish, and it is usually rather porous • . The various deposits 
agree also in having been laid down at some time during the 
Quaternary. ' 
The term was first applied to deposits which occur along the 
Rhine; but similar deposits are now known to exist over large 
J 
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. portions of France, Germany and Russi:a. In ' Mongolia arid 
China are vast accumulations of this loess, the thickness rising 
to '1500 ' or '2000 'feet. In Europe and America the thickness of 
.' the deposits is far less. In the United States the loess occurs 
principally in the Mississippi VaHey, extending from neat the 
mouth of the Mississippi to near Red Wing, Minnesota; up the 
Missouri to about Yankton; along lllinois river. to the' region . 
about La Salle; up the ' Wabash to . about Terre Haute; 
up White river to Indianap.olis, and along the .. Ohio as far as 
West Virginia. It is thus associated with the river~ of this 
region, the amount of the deposit being greater immediately 
along the streams and thinning out on the uplands between 
them. It also loses its importance as we pass eastward from ' 
the Missouri. The great plains west of ' the Missouri are en-
veloped by loess, but its charaCter has not been investigated. . 
Although the loess extends far toward the mou,th ' of Mis-
sissippi river, it shows by its general distribution and its com-
position that in its origin it was connected in some waY 'with 
the glacial deposits of the northern states. 'The loess· covers 
large portions .of these glacial sheets, and it often extends some 
distance beyond their borders . . 
. In Iowa. the loess may, in general, be said to occupy the 
whole area ·of . the state, except that part which is cov~red by 
the · Des ' Moines lobe of the Wisconsin drift and some counties 
along the southern border. Only rarely is it found to overlie 
any part of the Wisconsin drift. On the west side of the lobe 
in Dallas county, Bain (Iowa GeoL Surv., VoL IX, p. 91) 
found the loess overlapping the border of the Wisconsin drift; 
while Macbride .( op. cit. Vol. XI, p. 483) discovered the loess 
overlying the Wisconl3in drift in 0 'Brien and Osceola counties. 
It IS usually thin, but sometimes several feet ' thick. In Wis-
consin Salisbury ' (Jour. Geol., Vol. IV, pp. 929-937) .found 
what appears to be true loess 011 the top of the sa~e drift. 
Shimek (BulL Lab. Nat. Rist., Iowa Univ., V,' p. 367) re-
ported a thin loess on Wisconsin drift near Carroll, Iowa. 
Such occurrences are, however, rather rare . 
. Within the area of the Iowan drift the loess is distributed in 
a, rather patchy manner. It usually occupies the summits of 
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. bills and bluffs, while' it is missing lower down. Nevertheless, 
" Oalvin found,.in Mitchell county, a considerable' area of mod-
erately undulating 'country which was covered by loess. This 
was only a foo or less in thickness and it appears to overlie 
Iowan drift. Us~ally within and for some distance back of ,the 
border of the area in question, the Iowan drift is thin and does 
not occupy the summits of the hills; and' the loess,. therefore, 
covers the Kansan drift and seldom the Iowan. 
, 
The Driftless , area, lying in the northeastern part of the 
state, and occ~pying also parts of ' Illinois, Wisconsin, and 
Minnesota, is furnished with a mantle of ' loess, ' except where 
it has been removed by erosion. 
The thickness of the loess i~ extremely variable. Shimek 
states that along Missouri river, in western Iowa, it seldom. 
reaches as much a's ninety feet; while west of the river men-
tioned it does not exceed thirty~five feet. The greatest thick-
ness in Iowa observed· by Shimek ' (Iowa Geo1. Surv., VoL XX, 
p. 377) was about 100 feet. Along the borders of ,the Iowan 
drift ,sheet, it may reach a thickness of forty or fifty feet. 
Along Mississippi river it may be from twenty-five to thirty 
feet thick. The same author found it to be 'about thirty feet 
thick at Natchez, Mississippi. Away from the border of the 
Iowan drift-sheet and from the larger streams it thins out 
greatly; so that it may be a few feet, five to ten, in thickness, 
or, it may thin out to a sort of top dressing to the underlying 
soil. 
'A few additional words may be said regarding the physical 
appearance and characteristics of the loess of Iowa. In color 
. it varies from ash-gray through yellowish to buff-brown. Oc-
casionally it has a bluish tint, especially some distance below 
the surface. In some of the states farther east, as in south-
ern Indiana, it is compact and very pale in color, and is known 
as white clay. On the other hand, it may now and then be 
stained so as to be ratber brown or red. In respect to grain, 
the loess is nearly always very fine, standing between very fine 
sand and smooth plastic clay. According to researches made 
by Ohamberlin and Salisbury (Sixth Ann. Rep. U. S. Geoi. 
Surv., pp. 278-285) and referred fo by Leverett (Monogr. 
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XXXVIII, p. 159) , more than ninety-five per cent , of the loess 
consists of grains that have a diameter not greater than 
0.005 mm.; 'that is 1-5000 'of, an inch. The largest particles 
were little more than 1-250 of an ~n~h in diameter. All the 
'particles are angular, not rounded as in the case of sand that 
has been much rolled in water. . 
As to its mineral constitution, it has been found, especially 
, by the investigators just mentioned, that the loess consists 
principally of quartz, feldspar, mica, hornblende, augite, ,mag-
netite, dolomite, and calcite. In this respect it agrees . with the 
composition of the materials of the drift and may well have 
been derived from the fine flour that was borne away from the 
glaciers by streams. 
Occasionally the loess, especially in its lower parts, becomes 
coarser and may, grade into sand and the underlying till; but 
in such cases there may have occurred comminglings of ma-
terials of different origins. Often the loess contains nodules 
composed mostly of carbonate of lime, but these were de-
v,eloped after the laying down of the finer materials. The loess 
is porous and permits the percolation downward of rain-
water. This is likely to dissolve some of the contained carbon-
ate of lime, which, at a lower level, may be redeposited in 
nodules. 
As the loess breaks down, along bluffs and roadsides, it 
shows a sort of columnar structure. In virtue of this and its 
cohesive tendency, the loess, in such places as mentioned, is 
likely to present nearly vertical faces. Such abrupt walls may 
be seen at many places along Missouri and Mississippi rivers. 
It is only in rare c.ases that the loess shows any distinct signs 
of stratification, although a sort of lamination is frequently 
observed. 
As regards the chemical constitution of the loess the reader 
may consult the authorities named above. As may be in~ 
ferred, however,. from the ' mineralogical composition, .it con- ' 
sists mostly of silica, but to some , extent of compounds of 
alumina and of , lime. +ts usually high 'percentage of silica 
prevents it from offering a notable degree of plasticity. • 
, 
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, It. is important to consider the fossils that. are to be found 
in the loess, because from these we may judge, under what con-
ditions ~nd aJ what geological periods the materials were ,de-
posited. In some parts of Europe many bones are found and 
these are of such animals that the conclusion is 're.ached that 
the, loess there was deposited during some cold and arid stage. 
In America vertebrate remains are rare in the loess and even 
questionable. The animals represented are mostly gasteropod , 
mollusks, that is, snails of one kind and another. They are 
often abundant and they 'have ~een col~ected in widely re-
moved localities. , Nobody else in America has given .as much. 
attention to these mollusks as Professor B. ' Shimek, of 'the Uni- , 
versity' of Iowa. For lists of these animals collected at many 
places and for discussions of their significance, the reader is 
referred to this author's . papers cited on a succeeding page. 
Especially to be reco!p.mended is his paper 'on the loesses of 
Iowa in the Twentieth volume of the reports of the Iowa Geo-
logical Survey, pages 376 to 407 . . Suffice it here to say that 
this investigator has found that the great majority of these 
mollusks are strictly terrestrial forms; that they belong almost 
wholly to yet existing species; and that these species are to be 
found today "in the same general localities in which the fossils 
are found. The ' few aquatic and amphibious species found in 
the' loess are likewise yet living in the same regions. The fos-
sil terrestrial snails are ' more abundant in the loess along the . 
streams and that is where Professor Shimek has found the liv-
ing representatives to abound. . 
. Up to the present time not many vertebrates have been dis-
covered in the loess of this country. Only four or five, species 
have so far been reported from the loess of Iowa and too often 
there exist doubts regarding their actual occurrence in the 
loess. 
In 1887 McGee (Amer. Jour. Sci., Vol. XXXIV, p. 217) re-
ported the discovery of a part of a skull, with some other parts, 
of the extinct musk-ox Symbos cavifrons, at Council Bluffs. 
,He stated that these were found in the loess at a depth of 
"twelv;e feet and at a height of 130 feet above the river. In this 
ease there wouid appear to exist little doubt regarding the po-
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sition of the remains. The animal, in aU probability, lived at 
the time when the Wisconsin ice-sheet occupied a 'part of the 
state of Iowa; and we must suppose ' that the twelve feet of 
loess above the 'bones' had accumulated since that time. On the 
other hand Shimek, in a note to the writer, regards it as very 
doubtful that the Symbos was found in loess. He thinks that 
it was possibly in the Loveland, a deposit made in slack water. 
This matter is further discussed under the description of this 
species. An objection to be made to Shimek's theory is that 
there is no other evidence that this genus existed at so early 
,. ' .i 
a time. 
J. A. Udden (Iowa Geol. Surv.: Vol. XI, p. 160) reported 
that a pair of horn cores of a bison had been found in the loess 
in Pottawattamie county. They were met with at a depth of 
fourteen feet. The species was probably Bison occidentalis, 
and it is further described on a more advanced page. 
Leidy (Proc. Acad. Nat. Sci. Phila., 1879, p. 32) announced 
that Professor Witter, of Muscatine, had found a large part 
of the skeleton of a reindeer in the loess 'at Muscatine. This 
animal will be described in the proper place as Rangifer mus-
.catinensis.. Shimek doubts that it was found in the loes!" as al-
ready nofed on page 34. . 
J. E. Todd (Proc. Iowa Acad. Sci., 1875-1880, p. 14) fur-
nished the information that tusks, teeth, jaws, a humerus, and 
some other bones of a young eleph;.mt had been found between 
Glenwood and Pacific Junction; and that these remains oc-
curred either' in the base of the loess or in the top of the drift . 
. There are the same doubts about this as in the case of the find-
ing of the Symbos. 
J. A. Udden (Iowa Geol. Surv., Vol. XIII, p. 170) reported 
that bones of a mammoth had been recovered from the lower 
part of t.he loess at Malvern in Mills county. . 
It is time for us to consider the geological distribution of the 
IQess, especially in Iowa; and, so far as now appears, the loess 
(and likewise' the drifts) may be better studied in Iowa than in 
. any other state. It is 'evident that all of the loess does not be-
long ' to ' anyone 'of the ' stages, glacial or interglacial; ·. of the 
Pleistocene. ' In the Bulletin 6f the Laboratory of :N a..tural His-
. 
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tory of the University of Iowa, ' volume V, p'age 368, Professo'r 
Shimek presented a section which he regarded as representi~g 
the history of the Pleistocene since the begiD.ning of the Kansan 
stage. It is as follows, taken in order of d~position: 
16. Post-Wisco.nsin loess. 
15. Wisconsin r~sidual sands and gravels. ' 
14. Wisconsin drift. 
13. Post-Iowan loess. 
12. Black soil. . 
11. Iowan residual sands and gravels (Peorian) : 
10. Iowan drift. 
9. Post-Illinoian loess, 
8. Black soil (Sanga'mo.n). 
7. Illinoian residual sands and gravels. 
6. Illinoian drift. 
5. Post-Kansan loess. 
4. Black soil (Yarmouth). 
3. Gumbo. 
2. Kansan residual sands and gravels (Buchanan). 
1. Kansan drift. 
From this table. we see that loess was laid down just before 
the oncoming of the illinoian drift, again just before the Iowan 
st~ge, again just before the Wisconsin, and finally after the 
Wisconsin. That is, there are four distinct sheets of loess. 
So far as we know, no loess was formed in the interval between 
the Nebraskan and the Kansan drifts. Above the Kansan drift 
. there is found in various parts of Iowa a loess which is to be 
regarded as belonging to the Yarmouth stage. Shimek states 
that this loess is widely distributed, very compact, of a pale 
bluish gray color, and frequently contain numerous fossil ga$-
teropod mollusks., The color was probably derived from the 
Kansan blue clays. Shimek finds this loess in many sections in 
the region about Iowa City. Here it may be five or six feet 
thick and rest on Kansan drift, or on the Buchanan gravel, 
which was formed on the withdrawal of the Kansan ice-sheet; 
or it may repose on a gumbo about a foot thick. Over this 1ge5S 
there is found another of a yellowish color and this is regarded' 
by Shimek as post-Iowan and therefore of the ~eorian stage. 
In the' region about Iowa City it is sometimes fifteen feet thick. 
Shimek also finds the bluish Yarmouth loess at Muscatine, 
where it is placed between the Kansan and the Illin.oian drifts 
and where it is fossiliferous . . It is recognized at Davenport 
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and here it is overlain by a yellowish loess which probably be-
longs to ·the Sangamon. '.I;he sa~e post-Kansan loess is-found 
at Des Moines. At Catroll, Carroll county, on the western 
border of the Wisconsin lob,e, there is said to be a foot of black 
soil, overlain by six feet of bluish fossiliferous loess. This 
again is overlain by probably post-Iowan (Peorian) loess 
which is yellow and fossiliferous . . On the top ,of the latter is 
from one to five feet of Wisconsin drift. Professor Shimek 
(Bull. Geol. Soc. Amer., XXIII, p. 125) found loess of ,this 
st,age in the ' northwestern co rrier, of the state, where there oc-
curs likewise a more recent loess. ~he two taken together are 
not more than ten feet in thickness. On page 148 Shimek 
states that he has found the post-Kansan blui~h loess in sev-
eral hundred sections in Indiana ; Illinois, Wisconsin, Missouri, 
Iowa, Nebraska, South Dakota, and Minnesota. Hence, wher- . 
ever the Kansan drift is overlain by loess, we may suspect that 
this, or at least its lower portions, belongs to the Yarmouth 
stage. Its tint of 'blue will help to confirm the determination. 
Any loess separated from this by other ,materials, or having a 
yellow color will probably be found to belong to a la ter stage, 
as . the Sangamonor Peorian. Both the bluish loess and the 
yellowish are. :widely distributed in Iowa. Shimek (Iowa Geol 
Surv., Vol. XX, pp. 376-406) ha~ given us his latest views on 
the 'loess. He examined 397 sections showing loess deposits in 
Harrison and Monona counties, In all cases where the blue 
loess appeared there was present the yellow; but in nearly one-
third of the sections the blue loess was missing. It is usually 
much thinner than the yellow loess. In the counties mentioned 
it was not found to exceed fifteen feet; and in the sections pub-
lished it is usually much thinner than this. 
, Shimek , believes that the yellowish loess itself,is composite, 
consisting of at least two deposits. One of these, ' the older 
portion, was probably deposited during the Sangamon stage, the . 
upper and y'ounger portion during the Peorian; although it is 
not improbable that, outside of the areas which were covered . 
by the Illinoian and Iowan ice-sheets, some loess was laid down 
during these glacial stages. 
In Leverett's work- on the Illinois Glacial Lobe (Monogr. 
XXXVIII, U. S. GeoL Surv., p . 128, pI. XI) are described and 
, 
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figured sections found east of Peoria, lllinois. In these occurs 
a deposit of loess which is there recorded as Iowan, supposed, 
at that time, to represent the Iowan ice-stage. The loess is 
sometimes from eight to twelve f~et thick, and at the top in one 
place is a thin soil which eontained pieces of wood. Later, 
Leverett regarded this loess a~ belonging . to the Sangamon 
stage. This author, however, had then abandoned belief in an 
Iowan ice-stage. If this really existed it may well be that the 
loess belongs partly to the Sangamon and partly to the Pe-
orian. 
Beyer, in his report on Hardin county (Iowa Geol. Surv., 
.Vol. X, pp. 241-306), states that in Providence township, in a ' 
railroad cut, loess is seen lying on Kansan drift and overlain 
by Wisconsin drift. While this is probably Peorian loess 
(post-Iowan), it may represent Sangamon, or both Peorian 
and Sangamon. 
As already stated, there is a considerable accumulation of 
loess around the bo'rder of the Iowan drift extending thence 
southeast and far eastward with .diminishing thickness. In 
the counties which lie along the southern border of this state 
and away from Missouri and Mississippi rivers the loess is 
thin or wanting. 
While a part of the mass of loess around the border of· the 
Iowan drift-sheet may be found to pass beneath the lowan 
drift and therefore belong to the Sangamon stage, much of it 
js probably more recent and a member of the Peorian. As one 
passes the border and into the area of the Iowan, the loess is 
found to thin rapidly and, in general, to cover with a thin layer 
only the tops of hills and the bluffs. Inasmuch, however, as 
these higher lands are occupied by Kansan drift and not by 
Iowan, the loess is probably rather pre-Iowan . . An examina-, 
tion of the reports of the counties occupied by the Iowan drift 
. shows that loess is found in nearly all of them. 
It" is not to be supposed from what has been said here that 
the loess found around the border of the Iowan drift sheet 
exceeds in thickness ' that found elsewhere. The thi~kest de-
posits in the state are along Missouri river and farther west 
. , , 
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there are still greater dt!posits. Nor is the thickness around 
\ 
the Iowan border greater than ~t Natchez. 
Post-Wisconsin loess likewise .occurs in Iowa, but it is usu-
ally thin and discontinuous. References to localities have been 
made on page 39. 
Regarding the origin and manner of deposition of the loess, 
the writer . cannot enter into details. An examination of the 
papers cited on pages 87 to 99 will give the reader a clear in-
sight into the problem in question. Two theories are ip.-
voked to explain the presence of the loess, the ' ~queous theory 
and the aeolian. The advocates of the former theory believe 
that the loess was deposited in quiet waters, and that it con-
sists of the finely ground materials that were washed out of 
the glacial ice-sheets. The acceptan~e of this theory involves 
the idea that the regions cov·ered by the loess were at one time, 
or at various times, depressed so as to be covered with water. 
Those who .hold the aeolian theory believe that the loess con- . 
'sisted of dust which was carried over the country by winds 
and laid down where we n~w :find it. There are those who com-
bine the two theories. To the writer it seems that at present 
the aeolian theory has the advantage in the argument. 
To illustrate one of the difficulties in the way of accepting 
the aqueous theory, Shimek has called attention to the fact 
that almost the whole of the state of Iowa must, on the theory, 
have been submerged by temporary floods during the deposition 
of the loess. . / 
The fact that the gasteropod mollusks which occur so abun- ....; 
dandy in .the loess belong almost wholly to genera and species 
which live on the land, forms an argument against the aqueous 
theory that seems to be almost unanswerable. In deposits laid 
down . in water we would expect to :find water-breathing and 
amphibious species almost exclusively. For the facts regard-
ing these mollusks the re~der may consult the papers of P,ro- . 
fessor · Shimek. This author's idea is that the materials of the 
loess were derived from the drift, not while it was being depos-
ited, but later. Rive'rs coming down from the north gathered 
up the finer materials and bore it southward, ,especially during 
times of flood. Some of tbls fine sediment was laid down on 
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the flood plains, and, on the retirement of the waters, this was 
dried. It was then caught up by the winds 'and carried over 
the country. Much of it was deposited on the adjacent bluffs; 
but much of it was borne ' farther away. The deposit is 
thicker on the eastern side of most streams, because of the prev-
alence of western winds. Naturally the deposif becomes thin-
' . ner the farther it is away from the source; for the same reason 
it becomes finer. 
The mollusks of the loess of the Rhine have likewise been 
shown to be principally terrestrial species, . and this fact points 
to a . similar origin of that deposit. 
Shimek's reseaFches on the :r;nollusks of the loess throw much 
light on the climate. Fossil terrestrial · gasteropods are found 
in the post-Kansan (Yarmouth) loess; in the post-Illinoian. 
(Sangamon); and the post-Iowan (Peorian).Nearly all the 
species yet live and they inhabit the regions where their fossil 
predecessors are found. Hence, the climate at some time dur-
ing each interglacial stage must have been very similar to that 
now prevailing. 
Doubtless, however, for a lop.g time after the withdrawal of 
each ice sheet the climate was cold; and likeWise for a long 
time preceding the oncoming of each ice-sheet. In deposits, 
doubtless not numero.us, made during such cold periods, col-
lectors ought, at some time, to find animals and plants that 
were adapted to rigorous climates. 
If the face of the state during these interglacial stages was 
covered With a vegetation not greatly dlfferent from that now 
existing, it may appear strange that more numerous remains 
of vertebrate animals were not preserved. There cail be no 
doubt that during these periods, the country 'was inhabited by 
elephants, mastodons, bisons of various species, horses,' gigan-
tic sloths, wolves, cats, and a host of other and smaller beasts 
with bony skeletons. As each interglacial stage probably' con-
tinued some thousands of 'years, we can hardly doubt that on 
every foot of ground ' some animal, ' probably many of them, 
'had died. B·esides . these there was one generation' after ' an-
other of animals, that burrowed in the ground and died there. 
If ~ll their bones and teeth had been preserved, the whole sur-
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face would have been covered with them and the earth full of 
them. What became of all these 1 
, ' ,-We may get an answer from a time much near~r us. On 
the prairies of Illinois., and Iowa, herds of bisons and deer had 
' .grazed for doubtless~ thousands of years, and on dying had left 
their bones on the surface'. And yet when those soils were 
turned up by the plow, it was , the rarest occurrence when a 
bone or horn was found. These bones and teeth had all ' de-
cayed and became a part of the soil. }Dven the hard parts of 
the animals that 'had died in burrows had melted into ·soiL We 
must conclude, then, that it is only by the most fortunate com-
~ination of cpnditions that a vertebrate animal is preserved. 
Of the snails that once lived on the IMSS, it seems certain that 
only a small per cent have been saved for us. One might sup-
pose further that rain-water, filtering for ages through this 
. porous loess, would have dissolved out everyone of these thin 
and' fragile shells. 
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Recent Champlain 
Wabash 
( Postglacial) 
. 
Pleis- Wisconsin 
tocene (Glacial) 
4 
Peorian (Interglacial) 
Iowan 
(GlaCial) 
Assumption and maintenance of the present order 
of things in nature. . 
Erosion of surface of Wisconsin drift; filling of 
lakes and marshes; lowering of levels of the 
Great Lakes and leaving of old beaches; unim-
portant accumnlations of loess. Gradnal ameliora-
tion of climate. Continuance and gradual extinc-
tion of elephants, mastodons, megalonyx, giant 
beavers, peccaries, and speCies of musk-oxen. The 
modern fauna approaching its meridian. 
On-coming, culmination, and withdrawal of the Wis-
consin ice-sheet, with deposition of its drift. Im-
portant changes in drainage lines and deposits of 
outwash materials along the c;lourSeS of rivers. 
Fauna and flora of northern states driven south-
ward. Various, but as yet undetermined species of 
mammals suffering extinction. , 
Geological, faunal, an.d floral changes, not well deter-
mined. Formation of peat.. beds and old soils. 
Wide distribution of loess. ,: _ ' 
" 
Spreading of iowan ice-sheet over parts of Iowa and 
Minnesota. Condition of countryeisewiiere not 
understood. Effect on animal and vegetable life 
not known. 
50 PLEISTOCENE PERIOD IN IOWA 
DIVISIONS OF THE QUATERNARY":"'Ooncluded. 
. . 
Sangamon (Interglacial) Gradual amelioration of climate after withdrawal of Illinoian ice-sheet. Erosion of surface of illi-
noian drift sheet. Deposition of sediments along 
river courses. Accumula.tion ot peats, old soils, 
and loess. Abundance of vegetation and of animal 
life. Our best knowledge of the vertebrates to be 
deduced from the collection made in the Conard 
. fissure. Arkansas; although this probably belongs 
Illinoian (Glacial) 
to the illinoian stage. Horses, . elephants, masto-
dons, bisons, peccaries and tapirs all probably in 
:existence. 
On-set, culmination, and retreat of the Illinoian ice-
sheet, with distribution of its drift. Modification 
of drainage lines. Deposition of loess. I Animals 
and plants driven southward. Vertebrates of the 
Conard fIssure seem to belong here, with about 
fifty species and subspecies of mammals; forty 
per' cent eJ!:tinct. Mastodons, mammotb,s, horses, 
tapirs, bisons, deer, and saber-tooth cats continu-ing. . . 
Pleis- Yarmouth 
tocene (Interglacial) 
Erosion of Kansan drift-sheet and deposition of 
gravels and sands. Formation of beds of peat and 
of old soils. Dispersion of bluish loess. Few re-
mains of plants and animals known. Vertebrates 
certainly ' not widely different from thOSe of the 
Conard fissure (p. 31). 
, : 
l{ansan (Glacial) 
Aftonian (Interglacial) 
• 
Nebraskan (Glacial) 
Ozarkian, or 
Sierran . (Preglacial) 
Occupation and possession of the northern states by 
the Kansan ice-sheet and its withdrawal. Effect on 
animal and vegetable life only to be surmised. Ex-
tirpation of various species of camels and horses. 
Formation of gravels and sands on the surface of 
the Nebraskan drift. Occupation of the land by 
plants and animals, and growth, of peat beds. 
Great abundance of mylolions, megatheres, mega-
lonyx, mastodons, elephants, horses, camels, saber-
tooth and other cats, dogs 'oJ various species, bears, 
and rodents. Remains of these found in the Equus 
beds of the Plains, in the interglacial deposits of 
western Iowa, and in Port Kennedy cave, Penn-
sylvania. 
Occupation of the northern regions by the Nebraska~ 
ice-sheet and the laying down of its drift. Effects 
on the animal and plant life not well known; but 
many genera of the Pliocene are missing in the 
. succeeding Aftonian. 
Supposed to be a time of high elevation and of 
great erosion. May belong to Pliocene. 
" 
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For convenience in referring the , Quaternary' to its relative 
position in the geologie time-ooal~ the following table showing 
the divisions of the Cenozoic, the last great era of geologic 
time, is here appended: 
Era Period Epoch 
Recent 
Quaternary 
Pleistocene 
Pliocene , 
Cenozoic 
Miocene 
Tertiary 
Oligocene 
, Eocene ' 
Plate I is intended to represent, in the first place, the distri-
, bution of the dift:'erent sheets of glacial deposits in Iowa. The 
map is based on Plate III of the Nineteenth and Twentieth 
~jlUal Reports of the Geological Survey of Iowa. In the map 
here presented the Kansan ' sheet is shown in white; while each 
of the other sheets is represented in a special ,way. • 
In the second place, the. map is designed to show the locali-
ties where Pleistocene vertebrate fossils have been found; like-
wise the localities where exposures of interglacial . deposits 
have been ' demonstrated and where, therefore, such fossils 
may be expected to occur. The localities ' are indicated by cir-
cular black dots, in the center of' each of which is a white num-
ber. 'These numbers refer to corresponding numbers. to be 
found on pages 52 to '87: Under ' the latter , numbers ' .will , 
be found brief descriptions ' of the resp~c~ive .lo.calities. 
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Localities in Iowa Where Remains of Pleistocene Vertebrata Have Bee'n 
Found and Localities Where Exposures of Intergiacial 
Deposits Have Been Demonstrated. 
A few pages will be devoted to recording the ioealities in the 
state where vertebrate fossils have either been actually dis-
covered, or where, on account of the presence of interglacial 
mucks·, soils, sands, and gravels, remains of these animals may 
with some confidence be looked for. In connection with these, 
notes reference should be made to the map (Plate I)' that 
the relation of the. various discoveries to the different drift 
. sheets may in some measure be elucidated. Each locality has 
received a number which corresponds fo the number of the 
note here recorded. It has been ·found necessary sometimes to ' 
include two or more localities ' under pne number. It will be 
observed that the points noted are well scattered over the 
state; and it is hoped that this map will suggest the search for 
a multitude of other localities, and that therefrom may result 
many additions to our knowledg03 of the geology and the pa-
leontology of the state. It has been found impossible to ar-
range the notes by counties or in any other systematic man- . 
nero 
1. Afton Junction, Union County.-This is the type lo-
cality for the Aftonian interglacial stage. 'Oalvin (Bull. Geot 
Soc. Amer., Vol. XX, p. 136) states that near here the older 
(Nebraskan) drift is exposed in the west bank of Grand river, 
a mile below the railroad station; and that it is there overlain 
by more. than thirty feet of water-laid gravels. Overlying the 
gravels is a heavy deposit of Kansan till. There is an ex-
posure of gravels at the station also. 
2 . . Thayer, Union County.-This loca~ity is four miles east 
of Afton Junction. Oalvin (BulL Geol. Soc. Amer., Vol. XX, 
p. 136) says that there is here a pit in the Aftonian gravels. 
In the Proceedings of the Davenport Academy, Vol. X, page 
. 27, he stated that the Aftonian here had been disturbed by the 
Kansan ice; so that great masses of the Aftonian were, prob-
. ably ' in a frozen state, incorporated in the Kan.San drift, in the 
form of "sand bowlders." 
, . 
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The small horselike animal which is described 'on another .. 
. page under the name N eohipparion gratum? was found near 
this place (Calvin, Bull. Geol. Soc. Amer., Vol. XX, p. 216). 
These remains have the number '76 in' the records .of the col-
lection at the State University of Iowa. 
3. Murray Hill, Harrison. County.-On the southwest quar-
ter of section 8, Little Sioux township (township 81 north, 
range 44 west), on Murray Hill, are located some exposures 
which show gravels; and these appear to have been disturbed 
during the Kansan stage (Shimek, Bull. Geol. Soc. Amer., Vol. 
XX, pp. 404, 406; Iowa Geol. Surv, Vol. XX, p. 355, pI. XXIX; 
Calvin, Bull. Geol. Soc . . Amer., Vol. XX, p. 343). 
I 
. A short distance north of this, on the north. one-half of sec-
tion5, same township, aTe wha~ Shimek has called .the county 
line exposures. They are less than one-half mile south of the 
. county line. ' 
' 4. Loveland, Pottawattamie County:-Shimek (Bull. Geol. 
Soc. Amer., Vol. XX, pp. 402, 4OJ, 407, pI. 37, fig. 2) mentions 
the occurrence . of Aftonian sands in the vicinity of Loveland: 
It does not appear that any vertebrate remains have been 'dis-" 
covered here. This is the type locality of the formation called 
the Lovela:nd (Shimek, Iowa Geol. Surv., Vol. XX, pp. ' 371-
375). 
5. Council Bluffs, Pottawattamie County.-Shimek . (Bull. 
Geol. Soc. Amer., Vol. XX, p. 402) mentions sands bearing fo~­
sil mollusks in this county. One place mentioned is Council 
Bluffs, but the locality is not more exactly described. Profes-
.sor Shimek has informed the writer that there is a seriBs of ex-
posures extending on the east side of the river from a mile ' 
Rbove Council · Bluffs to about four miles above . . The sands be-
long to the Aftonian and ·in them are likely to occur' vertebrate 
remains. 
In the collection in the Iowa State University is the front 
part of an upper molar, probably the second true molar of the 
elephant, Elephas columbi, which was obtained from the col-
lection 'of the Council Bluffs High School and which was prob-
ably found fjomewhere a.bout .Council . Bluffs. It has the cata-
wg number 309. The writer is informed by Professor Shimek 
, 
," 
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~hat this tooth was found some miles south or southeast of 
CouncD. Bluffs, possibly near Henton Station (Locality'111): 
,It was near Council Bluffs that W J McGee found the skull 
,of a specimen .of a musk-ox, Symbos cavifrons. This is No. 
107 of the State University. 
6. Miss01tri Valley."Harrison Oounty:-The Cox pit is situ-
ated on the east side of Boyer river, east of th~ town .of Mis-
souri Valley. The more exact location is the northeast quar-
ter of section 24, township 78 north; range 44 west (St. Johns 
township). About forty feet of Aftonian . sands and gravels 
are exposed here (Shimek, Iowa Geol. Surv., Vol. ].X, p. 334). 
The following species have' been found at this place: Ele-
.phants, Elephas primigenius, Elephas imperator?, lower jaw,; 
Elephas colwmbi; . mastodons, Mammut ame,!icanum, M. pro-
genium; goat, Aftonius calvini; bison, Bison, species uncertain i 
camel, Camelops?; horses, Equus Gomplicatus, E. niobraren-
sis, E. lciurentius, E. excelsus; beaver, Castor canadensis; 
sloth, Mylodon harlani; bear, Ursus americanus; moose, Alces 
shimeki. 
7. Logan, Harrison Co-unty.-At this place, on the east side 
of Boyer river, near the milldam, there are found three sec-
tions, called the Peckenpaugh sections. Nine feet of Aftonian 
sands and gravels are found above the limestone occurring 
therein. Over the sands and gravels are six feet of Loveland 
clay; and above these again, twenty feet of loess. The gravels 
have furnished remains of the elephant, ,Elephas colwmbi (PI. 
LXIII, fig. 3), and of an undetermined horse (Calvin, Bull. 
Geol. Soc. Amer., Vol. XX, p. 355; Shimek, op. cit., Vol. XX, p. 
403; Vol. XXI, p.137, pI. XXXV, fig. 2; Iowa Geol. Surv., Vol. 
XX, pp. 335, 336.) 
Mr. Charles L. Crow, of Logan, has another elephant tooth 
which was found in the sand pit at Logan. 
8. Near Rodney, Monona County.-Professor Shimek (Bull. 
Geol. Soc. Amer., Vol. XX, pI. 35, fig. 1) has figured ari expo-
sure of Kansan drift and Aftonian sand which is found near 
' the north 'part' of this county" on section 7, township 85 north; 
range 44 west ' (Grant township), being south of west of Rod-
ney. " 
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9. W O,odbine, Harrison County.-Shimek . (Bull. Geol. SOG. 
Amer., Vol. XX, pp. 404, 406) mentions a pit about two and 
one-half miles southwest of Woodbine which shows a tilted 
layer of Aftonian, with a ml;tss of mingled and folded N ebras-
kan, Aftonian, and Kansan in front of it, as though the whole 
Aftonian mass had been moved forward. It is . stated also that 
along .the Boyer, below Woodbine, the beds of Aftonian ·areon 
the west side of the river . 
. Leidy (Proc. Acad. Nat. Sci., Phila., 1870, p. 73) stated that' 
there had been shown to him, from the 'Smithsonian ~nstitution, 
a part of a lower jaw which he thought might have belonged to 
the extinct mu'sk-ox, now known as Symbos eavifrons. This 
'had been sent to the Smithsonian Institution by Mr. David R. 
Witter, of Woodbine. He reported that it had been discovered 
in a' well, at a depth of twenty-two feet; this well was situated 
one mile north of Woodbine and on the second bench along 
Boyer river. 
10. Mapleton, Monona County,-Under this number are in-
cluded the Griffin well and the Hawthorn sand and gravel pit; 
both being near th~ town of Maplet?n . 
. The Griffin well is situated on the east side of section 17, 
Cooper township (township 85 north, range 42 west). At a . 
depth of thirty-five feet a tooth was found which has been re-
ferred to the elephant, Elephas imperator. It was dis~overed 
in Aftonian gravels. . ' 
The Hawthorn pit is situated on the northwest quarter of 
section 14, Maple township (township 85 north, range 43 west) . 
It is stated by Shimek that bones have been found there, but 
'none were saved. 
11. Denison, Crawford uou.nty.-In the southwest corner 
of Denjson is a gravel and sand pit, which has been described 
by Oalv'in and Shimek (Oal~in, Bull. Geol. Soc. Amer., Vol. 
XX, p. 343; Shimek, op. cit., Vol. XX, pp. 405, 407; Vol. XXI, 
p. 137) . It was at one time thought that the sands and gravels 
exposed here are Aftonian, but this is now uncertain. No . drift 
is seen in the section, but above the thirty-five ·feet of saI).ds 
and gravels are two beds of loess, separated from each other 
by five feet of sand. The exact location of the pit is the north-
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west corner of section 14, Denison township (township 83 
north, tange 39 west), and in the bluff of Boyer yalley. An-
other pit southwest of this one has furnished some elephant 
teeth, but its . geological relations are not well determined. 
Shimek (Bull. Geol. Soc. Amer., Vol. XXII, p. 212, foot note) 
says that the deposits here form a river terrace- without over-
lying loess or drift, and that no underlying drift was seen. 
Here was found the upper second molar of Elephas primi-
g.enius, described hereafter, and a large last . upper molar, No. 
294, of the same species, held in a part of. the maXilla. Here, 
too, was found the tooth of a mastodon, M ammut americanum, 
now in the State University. It was at J}enison likewise that 
was found the antler which is the type of the mooselike animal 
which has been called CervalCes roosevelti. Shimek, as else- . 
where noted, now has reason to suppose that this antler was 
found in the pit in the river bottoms where there is no loess 
over the gravel. 
In the State University collection is the scapula of a bison, 
possibly Bison occidentalis, which was found in the Denison 
sand ·pit. 
Under this number may be mentioned the fact that there is 
in · the National Museum a part of a skull referred to Biso~ 
bison, which was found at Deloit., about six miles farther up 
Boyer river: This may be later than the Pleistocene in age. 
12. Pisgah, Harrison County.-About · one mile southwest 
of Pisgah, on the northeast quarter of section 23, township 81 
north, range 44 west (Jackson township), is situated the Peyton 
sand pit, where Kansan and probably Nebraskan drifts are ex-
posed, having between them Aftonian gravels and sands. In the' 
sands were found remains of mastodon, mammoth, camel, and 
horse (Calvin., Bull. GeoI. Soc. Amer., V ~l. XX, p. 343, pI. XVI, 
fig. 2; Shimek, op. cit. XXI, pp. 133, 134). Here may be men-
tioned a pit situated on the .northwest quarter, section 26, of 
the same township. The horse found here has the number 262 
in' .the collect jon· at the University 'of Iowa, 'and it is identified 
as Equus comp·licatus. Here was found the lower jaw of the 
mastodon which was figured by Calvin (Bull. Geol. Soc. Amer., 
Vol. XX, pI. XXV, fig. 2) Rnd which is here ref~rrec1 p'roVisiop-
. , 
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ally to Mammut prog'enium. 'Iil the same pit was found. the 
large elephant tooth referred to Elephas .imperator (PL LXVII, 
fig. 2); also a. part of a humerus arid the greater part of Ii fe-
mur, which may belong to Elephas imperator. A Gamel is rep-
res.ented by a first phalange (Oalvin, pI. xxi, fig. 1). .The 
presence of a horse is shown also by an acetabulum and a part 
of a met~podial, Nos. 66 and 84 of the University .collection. 
,In the University of Iowa collection there is a supposed up-
per second molar of an elephant, which has the number. 330 and 
which was collected by Professor Shirp.ek at the Kress sand · 
pit, immediately across a ravine from the Peyton pit. This 
tooth shows eleven plates present,. out a .number, perhaps five, 
are missing from the rear. This tooth is regarded as belong-
ing to Elephas columbi. 
13 . . Near Smithland, Woodbury County.-On Little Sioux 
river, near Smithland, there are exposures of the Afto~ian; 
but no particulars are given (Shimek, BulL Geo!. Soc. Amer., 
XX, p. 407). 
" 14. Sioux City, Woodbury. County . ...:.....-ShiIIlek (Bull. GeoI. 
Soc. Amer., Vol. XX, p. 407)refers to Aftonian beds in the vi-
cinity ·of Sioux Oity. ' Later (op. cit., XXI, p. 129) he de-
scribed . an exposure on the southeast quarter of the northwest 
quarter of section 13, township 89 north, range 48 west (Sioux 
Oity township), north of Sioux City. In Aftonian sands here 
were collected some remains of the sloth, Megalonyx, and the 
horse, Equus. The beds were seen in the Anderson pit. Todd 
(Proc. Iowa Acad. Sci., VI, p. 124) states that some vertebrre 
of a horse and fragments of a small mammal and of a turtle 
had been found in an old soil at Sioux Oity. Number 133 of 
the State University collection is identified as belonging to 
the horse, Equus lOlUrenti~ts. Four injured lower teeth, found 
near Sioux Oity, and having the number 181, are described un-
der E. complicatus. The conditions at Sioux Oity are dis-
cU'ssed by . Shimek in Proceedings of the Iowa Academy ' of Sci-
ence, volume XV, page 61. 
15. Burlington, Des Moines County.-In the collection at 
the State University of Iowa; is a large last upper ,molar of the 
elephant, EZephas primigenius, No. 22 of the catalog, 'which is 
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recorded as having been found here. It has a length of 255 ' 
mm. .. , or ten inches. 
In the ;High School at Burlington' is a part of a tusk, of prob-
ably a .mastodon, which as stated by Mr. Oharles Buetner, 'who 
h~s taken much interest in natural history, was found in making 
an excavation at the southwest corner of Fourth and Washing-
ton streets. The fragment is abo:ut four feet long: In the 
same High School is one of the innominate bones of a probos-
cidean. : This, Mr. Buetner said, was found · 'in Skunk river 
southwest of BUrlington in ' digging for the ,suppor-t of. the 
bridge of the Ohicago, Burlington and · Quincy 'railroad. The 
bone was found at a depth of twenty fe'et below the bed .of the 
river. 
In the collection at the Iowa Wesleyan Oollege, at Mount 
Pleasant, ~s a tooth of a::o. elephant which, as Mr. Oharles Buet-
ner informs the writer; was found near Burlington in Flint 
creek. The tooth has been restored somewhat. It shows twelve 
or thirteen ridge plates and appears to be a very large first 
upper molar of Elephas colwmbi .. 
J . D. Whitney (Geol. Surv., Wisconsin, Vol. I, 1862, p. 135) 
stated that remains of the extinct peccary had been found at · 
Burlington, It was probably Platygonus compressus. . 
16 .. Lyons Township, Mills County.-The Gladwin 'section . 
was described by Oalvin (Bull. GeQl. Soc. Amer., XX, p. 3~4) 
and a figure was ' presented of the teeth of a horse found here. 
The location is on the east one-half, section 35, Lyons township 
(township 71 north, ' ra~ge 43 west), as 'given by Shimek (Bull. 
Geol. Soc. Amer., XXI, p. 138). This is in the southwestern 
corner of Mills county. The remains, of the horse are .here de-
scribed under Equus complicQ,~us. The teeth have the catalog 
numbers 219 and 220. 
1~. Akron, Plymouth County.-Oalvin . (Bull. Geol. 'Soc. 
Amer., Vol. XX, p. 355) described the finding of two molarS' of 
the mastodon, Mammut mirificum, with portions of the tusks 
and fragments of cranial bones in a well sunken to the Afto-
nian, near Akron . . The well, more fully described by Shimek 
(-Bull. Geol. Soc. Amer., XXI, p. 126) has a depth of twenty-
four feet, reaching down probably to the Nebraskan.. Two sloth. 
-------------~--~---,------------
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bones also were found here. Tlle mastodon ' remains are de-
scribed on a future page as Rhabdobunus mirificus. The sloth 
remains consisted of the ankylosed fir!;lt and second phalanges 
of the third digit of the hind foot of a ground sloth, probably ' 
a species of Megalonyx. 
. 18. Rodney, Monona County.-In Grant township (town-
ship 85north,- range ' 44 west), nre three exposures of Afto-
nian, but none have-yet afforded vertebrate fossils. A sand pit, 
the Woodward, is found in the southwest quarter of section 9, 
about two miles southwest of Rodney (Shimek, Bull. Geol. Soc . 
. Amer., XXI, p. 128; Iowa Geol.Surv., XX, p. 344). '.An, exp'o-
sure occurs on the northwest quarter of section 7 (Shimek, Iowa 
Geol. Surv., XX, p. 341, pI. XXVII, fig. 1); also on the south-
west quarter of section 17 (Shimek, Bull. Geol. Soc. Amer., 
X~I, p. 128). 
19. Turin, Monona County.-In · the northeastern part of 
Turin is located the Elliott gravel pit, which has furnished a 
considerable number of vertebrate fossils, ' elephants, masto- ' 
don, camel, horses, etc. It was referred · to by Calvin (Bull. 
Geol. Soc. Amer., XX, pp. 344, 345) and has been more par-
ticularly described by Shimek (Bull. Geol. Soc. Amer., XXI, p . 
. 129; Iowa Geol. Surv., XX, p. 340») w~th lists of fossils. 
Three species of horses seem to be represented in the re-
mains found in this pit. No. 283 b of the collection at Iowa 
City is referred to Equus excelsus; Nos. 122 a, 136, 227, 282, 
283 a, and 284, to Equus niobrarensis; and Nos. 261, 184, 242 a,· 
242 b, and 285 to Equus complicatus. Here was found the fine 
radius of the sloth Megalonyx represented on plate V, fig. 3. 
~he elephants Elephas imperator and Elephas columbi were 
both reported from this locality by Calvin. In the cQllection at . 
the State University is a last upper molar or .the mastodon' 
M ammut americamtm from the Elliott pit. In the same collec-
tion is 'a part of Iiill incisor of the giant beaver Castoroides 
ohioensis, '. 
20. Castana, Monona County.- ·-The Ordway pit is located 
on the right bank of Maple river, opposite Castana. It is de-
scribed as' being on the southeast quarter of section 13, Kenne-
bec township (township 84 north, range 44 west) (Shimek, 
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BulL GeoL Soc.:Allfer., L~I, .p . ] 30). The Aftonian, eight to 
twelve 'feet thick, rises about' forty feet above the Maple bot-
tom lands. In the pit are found many heavy-shelled unios and 
sinaller-mollusks. 'About 'one-eighth of a mile distant, in an old 
pit, there was found some years ago, by Mr. J . ·B. P . 'Day, a 
large scapula, now No. 9t of the Iowa University collection. 
Shimek {Iowa GeoL Surv., XX, 'po 357) mentions a sand pit on 
the southeast quarter of section 35 Of this same township. 
In the collection of the State Historical Department, at Des 
Moines, is a large tusk,. No. 5534, which is labeled as having 
.' been fOlind i~ a well 'at Castana. It is "'riot known whether it 
belonged to on'e of the elephants or to ' one of the mastodons. 
It was found by Mr. J. B. P. Day. 
21. River JUlnction, Johnson County.-At this place, in 
', section 12, township 77 north, range 6 west (Fremont town-
ship), on a river sand-bar, there was collected by Professor 
Shimek the tip of a proboscidean tusk It has the catalog num-
ber 158 in the collection of the State University of Iowa. 
22. Marble Rock, Floyd County:-Here was found in the 
southwest quarter of section 16, Union township (township 94 
l1Orth, range 17 west), a. fine tooth of the mammoth Elephas 
primigenius which is in the collection of the State University, 
and has the number 381. It was found by Mr. G. W. Ritter and 
secured for the collection by Mr. A. O. Thomas, in some grav-
els, which are valley trains formed by the melting of the Wis-
.consin ice-sheet. The pit where the tooth was found is known 
as the Chicago, Rock Island and Pacific gravel pit. This tooth 
is refer.red to on another page. Number 299 of the same collec-
tion is a fragment · of a much worn molar from Marble Rock. 
It is credited to Mr . . Mitchell. Number 17 cff the same collee-
·tion appears to be a second true molar of Elephas colwmbi. 
There are ten plates present, but some are missing from the 
reaT. Th.e enamel is thick. Some years ago a fine tusk was un-
c:overed here; but it crumbled soon afteT exhumation and none 
of it was saved. It belonged probably to Mammut americanum, 
the mastodon. 
23. Robinson pit, Harrison County.-Shimek (Bull. GeoL 
Soc. 'Amer:, XXI, p. 134; Iowa GeoL Surv.,. XX, pp. 336, 337) 
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de~cribes the Robinson pit found on the southeast quarter of 
section '16, Raglan town'ship ,( township 80 north, range 44 west). 
He presents a list of the fossils, but no vertebrates had been' . 
found , there up to ' that time. 
24. S01~,th Omaha, Nebraska.-Professor Shimek (Bull. GeoL 
Soc. Amer., XXI, p. 138) described a section found in the Off-
erman pit at South Omaha. From this had 'been obtained r~­
mains of the horse Equus and of an elephant supposed to be 
Elephas imperator. 
25. Muscatine, Muscatine C~unty.-At Muscatine, there are 
afforded sections of Pleistocene deposits. McGee (11th Ann. 
Rep., U. S. GeoI. Surv., pp. '491-4:93, pI. L) described one of 
these and pres~nted an illustration. Leverett (Monogr~ U. S. 
Geol. Surv., XXXVIII, p. 47) states that the section has an ex-
tent of 'from 165 to 200 feet. He seems to find here Nebraskan 
till, Aftonian peaty soil, Kansan till, silts and fine sands that 
appear to have the position of the Yarmouth, illinoian drift, 
Sangamon black ' soil, and loess referred to the Iowan. Oalvin 
(Bull. Geol. Soc. Amer., XX, p. 143) speaks ' of probable San-
gamon here. ' Shimek (Bull. Geol. Soc. Amer., XXI, p. 139) has' 
examined the Aftonian at this point . . He states that Prof. F. 
M. Witter at one time found in a layer of gravel at the top of 
this Aftonian, a part of a molar of the 'mammoth, Elep'has 
primigenius. The same writer (Proc. lowa Acad. Sci., Vol. 
XIV, p. 239) described an exposure facing Hershey street, near 
Green street, which showed three feet of bluish gray fossilifer-
ous loess on Kansan drift and covered by illinoian drift. See 
also J. A. Udden in Iowa Geol. Surv., IX, pp. 328-362. A 
section is to be seen at the brickyard east .of Mud creek. 'At 
the State University of Iowa the writer has seen a molar tooth 
(Oat. No. 357), probably the second uppe.r true molar, which 
had been found in a public road cut along Mud creek at Mus-
catine. The finder of the tooth was Mr. F. M. Van Tuyl. In a 
note to the writer Shimek state::> that the Nebraskan is here 
well developed, as at other p'oints below Muscatine. In what 
was suppo:sed to be loess Prof. F. M. Witter found remains of 
a caribou described on a succeeding page as Rangifer musca-
tinensis. 
• 
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26. TQledo, Tama ·Cdunty.-Near the town .of Toledo, !;m . 
the southwest corner, section 19, Toledo township (township 
83 north, range 15 west), is a geological section which was de-
scribed by. Doctor Calvin (Bull. Geol. Soc. Amer., XX, p. 136, 
pI. I, fig. 2). He says that the two drifts (Kansan and Ne-
braskan) are separated by a mere thin soil band. The lower 
drift is compact but plastic, and left the imprint of the steam 
shovel, while the upper, or Kansan, broke into angular frag" 
ments. Professor Savage probably referred to the same sec.-
tion (Iowa GebL Su;t'V., XIII, p. 230, fig. 28). According to him 
the old soil is eighteen ip.ches or two feet thick, with fragments 
of wood, bits of r60ts; etc. This would be Aftonian. . 
27 .. Oelwein,' Fayette Cownty .-Calvin (Bull. Geol. Soc. 
Amer., XX, pp. 139, 140, pI. II, fig. 2) tells of an old tamarack 
swamp here, three feet thick, with great quantities of com-
pressed moss, "almost as fresh as when it grew," underlain by 
dark Nebraskan and covered by twenty feet of Kansan and 
. Iowan till. . 
W J McGee (lith Ann. Rep., U. S. Geol. Surv., p. 489) men-
tions an exposure, probably the same, one mile north of Oel-
wein. See also Macbride in Proc. Iowa Acad. Sci., IV, p. 63. 
28. Yarmouth, Des Moines County.-On the border of the 
village of Yarmo~th, on the property of William Stelter, was 
made a well which furnished Professor F. Leverett the sec-
tion published here o'n page 27. At a depth of about thirty-
four feet were struck deposits amounting to about forty-three 
feet which take their name Yarmouth froID' this village. 
For further information consult Leverett (Monogr. XXXVIII, 
pp. 41, 120; Proc. Iowa Acad. Sci., V,' p. 82). From the well men-
tioned there was obtained a portion of the pelvis and part of a 
. femur of a rabbit, Lepus sylvaticus, and the scapula of a skunk, 
Mephitis mephitica. The identifications were made by Dr. F. 
W. True, of the U. S. National Museum. It is very probable 
that more complete skeletons of these animals would indicate 
different, possibly extinct, species. 
29 . . Davenport, Scott Co·wnty.--Thegeology of the vicinity 
of Davenport has been discussec1 by many writers. McGee 
(11th Ann. Rep. U. S. Geol. Surv., p. 491, fig. 77) describes a 
" 
EXPOSURE~ 'OF IN'f~RG:L~CIAL D;EPOSITS 63 
section., In Monograph; XXXVIII of the U. S. Geological .Sur-
vey, on pages '45, 128, and 167, Leverett presents and discusses 
three sections here. From these we learn that there are seen 
in this ,city, at the top, what Leverett then called Iowan loess; 
then, at one point at least, !in old soil abqut one foot deep which 
lies on Illinoian till, and is to be llegarded as Sangamon; below 
the Illinoian till, at one point,· a ciay that appears to repre~ent 
the Yarmouth interglacial stage; and below this from 25 to 
40 feet' of Kansan. At the junction of the Iowan' loess and a 
blue clay, apparently regarded as Illinoian drift, in a railroad 
Gut, were found remains believed .to belong to Elephas prim i-
g'enius, the elephant. Besides the papers cited the reader may 
consult Leverett (Zeitschrift- Gletscherkunde, Vol. VI, p., 296) ; 
Calvin (Bull. Geol. Soc. Amer., Vol. XXi p. 143); Shimek 
(Bull. Lab. Nat. Hist., Iowa Univ., Vol. V, p. 361; Iowa Geol. 
Surv., VoL XX, p. 376); Norton (Iowa Geol. Surv., Vol.' IX, p. 
471) ; McGee (11th Ann. Rep. U. S. Geol. Burv., p. 491, fig. 77). 
Professor Shimek informs the writer that his footnote 
(Iowa Geol. Surv., Vol. XX, p. 376) was, with respect to the 
Aftonian, perhaps too positive. He had chiefly in mind the 
presence of two loesses and the reference of these is quite defi-
nite and positive. The same general region presents both Af-
tonian a~d Nebraskan. . . 
. W. H. Pr'att (Davenport Acad .. Sci., Vol. I, 1876, p. 96) gives 
an account of an examination of a section exposed by the Chi-
cago, Rock Island and Pacific railroad, west of Davenport. 
Among other things a tusk, several molars and some bones of 
a mammoth were found. These are s.aid to have been placed In .. 
Griswold College, but they appear to have been -transferred' to 
the Davenport Academy of Sciences. These are tp.e elephant 
remains referred to by Leverett as above cited. Shimek (Iowa 
Geol. Surv., Vol. xX, p. 376) gave a different interpretation to 
the section described by Pratt. Shimek regards the "bluish 
gray clay," Pratt's No.3, as being the post-Kansan loess; the 
. peat and .the ancient soil as being Aftonian .instead of Sanga-
mono According to this interpretation the Kansan drift i~ 
.missing at that point, as well .as the Illinoian. Possibly the 
elephant bones represent the Illinoian stage. 
'. 
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In the Davenport Academy collection, is a large molar of an 
elephant which was found on the farm of Mr. Sullivan, near 
Buffalo, Scott county. H. W. Parker (Science, series I, Vol. IV, 
1884, p. 46) mentions elephant remains which had ,been found 
near Davenport., J. A. Udden (Geol. Surv. Iowa, Vol. IX, 1899, 
p. 356) states that mastodon reVlains have be.en found in the 
western part of Davenport, from Sangamon ·soil, resting · on 
Illinoian till. Leverett (Monogr., U. S. Geol. Surv., XXXVIII, 
p. 167) discusses the geological position of this specimen and 
thinks that it may have been derived froIl}. the· Sangamon ~oil 
and redeposited in the loess. 
30. Montpelier, Muscatine Co'Unty.-Calvin (Bull. Geol. Soc. 
Amer., XX, p. 143) mentiQns this as one locality near the vil-
lage of Montpelier which S!3ems to presentSangamon deposits. 
Here may be recorded the . elephant remains reported by 
Doctor U dden from near center of the southwest quarter of 
section 12, township 77 north, range 1 west (Sweetland town-
ship). They are said to have been found in a peat deposit 
which contained large pieces of gymnospermous wood. The 
bones are reported to have been placed in Mr. Charles Weir's 
museum in Muscatine. The peat is regarded as belonging to the 
Sangamon. As explained in a note on the elephants of Mus-
catine county, on a succeeding page, the name just mentioned 
should be J ameH M. Wier and the bones are now in the Musca- . 
tine Library. 
31. Des Moines, Polk County.-Calvin (Bull. Geol. Soc. 
Amer., Vol. XX, p. 148) mentions sections here, in which are 
shown, (1) · Kansan drift; (2) fossiliferous loess, containing 
terrestrial mollusks; (3) Wisconsin drift. In the collection of 
the State Historical Department, at Des Moines, the writer 
examined an upper last molar of the mastodon, Mam,mut a;mer-
icanum, which had been found somewhere about IDes Moines. 
In the same collection are some teeth of the mammoth, Elephas 
primigenius, found in the city; likewise others belonging to 
Elephas columbi. It is unfortunate that no exact record has · 
been kept regarding the levels where these teeth occurred. 
For mention of these see tmder notes on Elephants which have· 
been found in Iowa. In the National Museum there is a thor7 
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'oughlypetrified tooth 6f some s'pecies of bison which was sent 
.from Des Moines many years ago by Olaude D. Brown. It is 
mentioned further under Bison antiquus. ' 
Here may be mentioned, some bones which are report.ed by 
Prof. J. L. Tilton (Pleistocene deposits of Warren county, Iowa, 
p. 26) as having been found in a gravel pit at Avon, Polk county. 
Among these bones were 'some large ones and a tusk which were 
supposed to belong to a mastodon. Later other ' bones were 
found, one of which the writer has examined. It belongs to a 
caribou (Rangifer muscatinensis). The exact age of this de-
posit is not known, but the ' caribou indicates at least a pre-
Wisconsin stage. 
32. Carroll, Carroll County.-Calvin (Bull. Geol. Soc. Amer., 
Vol. XX, p. 149) refers to Shimek's studies here, which show, 
from below upwards, (1) typical Kansas drift, oxidized and' 
weathered; (2) an old blue fossiliferous loess, with a weather-
stained band at the top; (3) a much younger, unaltered, yel-
low, post-Iowan 10,ess and (4) Wisconsin drift. Only a single 
fossil has been secured. In the collection of the State Univer-
sity of Iowa is the distal €nd of the left tibia of an elephant or 
mastodon, No. 10 of' the catalog. The fragment is a bout one 
foot long and the articular face is perfectly preserved. This 
bone was found by Mr. Henry Aitkin. Shimek (Bull. Lab. 
Nat. Hist., ' Univ. Iowa, Vol. ' V, p. 367) reports here a gumbo 
and a black mucky soil overlying Kansan drift. This might 
belong to the Yarmouth. See Sbimek on various exposures 
near Oarroll (Proc. Iowa Acad. Sci., Vol. XIV, pp. 239-240). 
In a later publication (Iowa Geol. Surv., Vol. XX, p. 390) 
, Shimek gives the following section found northeast of Carroll: 
FEET, 
6, Wisconsin drift ......... , , . . ..... .. ..... . .. .. ... .. . . .. 1-5 
5. Yellow loess (post-Iowan?) about ........... . .......... .. 10 
4. Bluish gray loess '(post-Kansan) ......... . , .... .. .... . . 5-6 
3. Blac~, mucky, soil-like band .. . ...... .. , ..... . . ..... : .. 1 
2. Heavy, 'reddish joint-clay (Loveland) .. ......... .. . .... 1 
1. 'Kansan drift. 
33. Near New Bosto,n, Lee County, in an expoSure along 
the Santa Fe railroad.-Leverett , (Monogr. XXXVIII, U. S. 
Geol. Surv:,. p. 31) mentionst,he occurrence of a sheet of loess 
I> 
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underlain by a black gummy clay (gumb'o). In this was found 
a~d examined some coniferous wood, probably s'pruce, accord- ' 
jng to F. H. Knowlton. . . 
In Netta O. Anderson's list Mr. Justus ·M. T. Myers reported 
baving found, on Lost creek, in tbis county, a 'leg bone,. a short 
rib, and piece of tusk'; and, on Sugar creek, a molar. These 
may have belonged to either a mastodon or a mammoth. 
34. Near Blue Grass, Scott County.-Leverett (Monogr. U. 
S. GeoL Surv., XXXVIII, p. 46) found, both north and sout.b of 
this place, ,evidences of what are probably. Sangamon and Yar-
mouth soils and weathered zones. 
35. West Point, Lee County.-Leverett (Monogr. U. S. Geol. 
Surv., XXXVIII, p. 53) presents a section observed in a ra-
vine, about one mile northeast of West Point, which shows what 
he then regarded as follows: . 
FEET. 
Yellow silt or loess (Iowan).......................... . .. 6 
Soil (Sangamon) .............. . ... .................... .. 5 
Brown till, with bowlders (Illinoian) ....... ....... ....... 15 
Black muck (Yarmouth) .. ........ .... . .. ... ............. 6 
Br{)wn clay (Kansan) ....... : ....... ... . . .. . .. .. ........ 15 
Total .... · ......................... . . · ....... .. ...... 47 
See also Leverett in Proceedings of the Iowa Academy of 
Science, Vol. V, pages 79, 83. 
36. Near Fayette', Fayett~ County.-On the southwest quar-
ter of the northeast quarter of section 3, Smithfield township 
(township 92 north, range 8 west), two miles south of Fayette, 
McGee (11th Ann. Rep., U. S. Geol. Surv., p. 488, fig. 74) found 
a section in a railroad cut, where was seen an old forest bed 
with fragments of wood. 
37. Near Maynard, Fayette Cownty.-=-McGee (11th AM. 
Rep. U. S. Geol. Surv., p. 489, fig. 75) found one foot of an 
ancient soil, with some wood, identified as cedar and ash. 
Three sections of a partly silicified tree trunk, seven inches in 
diameter, were seen. Above the soil tbere was eight feet of drift 
.I with bowlders, and below the soil a compact blue clay. The 
locality is in a railroad c.ut, one mile south of Maynard. 
38. Near. Iowa City, Johnson County.-On the southeast 
quarter of the southwest quarter of section 11, Union township" 
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_ (township 79 north" range 7 , west), McGee (11th AnN.. Rep. 
U. S. Geol. Surv., p. 490) , discovered a geological section which 
showed six inches of peat beneath five feet of loess. A similar 
section,' with eighteen inches of peaty clay, was seen 'in the 
southwest quarter of the northwest quarter of section 10, town-
ship 78 narth, range 7 west (Shal'on township).. For fossils of 
this locality see Shimek in Bull. Lab. Nat. Rist., Iowa Univ., 
Vol. V, p. 365. 
Tliis autho~, as cited, describes sections in township 79 nort~, 
ranges 6 and 7 , west, which present' post-Kansan and post-
Iowan loesses. The lower is pale bluish gray; the upper, yel-
low. The lower is often underlain by gumbo. Each loess may 
be from four to six fee'~ thick; Jh~ gumbo, one foot. 
See 'also page 366 of the paper just cited, where exposures in 
the north part of Johnson county are mentioned. 
In Madison township (township 80 north, range 7 west) 
Shimek (Proc. Iowa Acad. Sci., Vol. XV, p. 60, pI. VI, fig. 1) 
found sections in whi~h the loess is banded with layers of sand. 
In section 27, township 79 north, range 6 west, there was dis-
covered some years ago, at a time of low water, in the bed of 
Iowa river, a nearly perfect tusk belonging probably to Elephas 
rprimigenius (PI. LVII, fig. 1). The catalog number in the 
, collection of the State University of Iowa is 115. In 1913 there ' 
was found at nearly the same place a nearly perfect first lower 
molar. This is yet in the possession of the finder. 
39. Albia, Monroe County.-McGee (11th Ann. Rep. U. S. 
,Geol. Surv., p. 493, fig. 78) describes an exposure 'of loess, ,"up-
per till," a .forest bed wi th gras~es, stems of indigenous plants, 
cones, rootlets, etc. The locality is just north of the town of 
Albia. 
40. Sol Smith Lake, Harrison County.-Shimek (Iowa Geol. 
Surv., Vol. XX, p. '337) describes the Wallace pit, found in the 
northwest' quarter" of section 31, "Little Sioux township (town-
ship 81 north, ' range 45 west). The pit is just north of Bol 
Smith Lake. Aftonian deposits .are . found here. See Shimek 
also in Bull. Geol. Soc. Amer., Vol. XX, p. 405 and Vol. XXI, 
-p. 134. 
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· 41. Wilkenson well, Monona County.-Shimek (Iowa Geol. 
8urv., Vol. ' XX, p. 343) described a well in the northwest quar-
ter of section 6, Cooper township (township. 85 north, range 42 
west), which is known as the Wilkenson well. At a depth of 
from thirty-five ~o forty feet, in loose sand and gravel, a molar, 
a part of .a tusk (PI. XLIX, fig. 1) eight feet long on outer 
curve, .and fragments of cranial bones of a · .mastodon were 
found. These were regarded as occurring in the Aftonian de-
posits. In the collection at the ~tate University of Iowa the 
tusk has t~e catalog number 234; ~he cranial bones, the num-
bers 204-211; and the upper end of aIi ulna, the number 203. 
Under this number may. be mentioned the Pinckney pit, in 
the southwest quarter of section 30, qooper township (town-
ship 85 north, range 42 west) (Shimek, op. cit., p. 357). 
42. McCleary pit, Monona County.-Shimek (Iowa Geol. 
Surv., XX, p. 344) describe~ the McCleary pit on the southwest 
qua!ter of section 1, Saint Clair township (township 84 north, 
range 42 west). No vertebrate remains were found, but some 
U nio shells were discovered. . 
43. McGavern pit, Harrison County.-What is known as the 
McGavern pit is located on the southeast quarter of section 27, 
St. Johns township (township 78 north, range 44 west). Con-
sult Calvin (Bull. Geol. Soc. Amer., XX, p. 140, pI. III, fig. 2) 
and Shimek (Bull. Geol. Soc. Amer., XX, p. 406, pI. XXXVI; 
figs. i, '2'). Shimek (Iowa Geol. Surv., XX, p. ,351) describes the 
pit accurately. No vertebrate fossils were found. Displaced 
and disturbed Aftonian was obse~·ved . 
. 44. Persia, Harrison County.---Shimek (Iowa GeQl. Surv~,' 
Vol. XX, p. 352) describes Ii section observed in a pit on Mos-
quito creek, near the town of Persia. 
45. Mefferd pit, Harrison County.-Bhimek (Iowa Geol. 
'Surv., Vol. XX, p. 332) describes a geological section found in 
the southeast quarter of section 31, township 80 north, range 41 
west (Douglas township). Aftonian deposlts occur in the sec-
tion, but no fossils were found. 
· . ' 
· 46. Near Grand .View, Louisa County.-J. A. Udden (Geol. 
Surv. Iowa, Vol. ·XI, p. 109) reported from the southwest quar- . 
, ' 
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tel' 'of the southwest quarter of section 11, Grand View town-
ship (township 75 north, range 3 west), 'ileal' Grand View, a 
soil intervening between the loess and the upper till; said tp 
'be black and peaty. An elephant's tooth of unknown species 
was once found in digging a shallow well in section 28 of the 
same township. Aftonian sands and gravels are reported by · 
Udden to have , been observed on the southeast quarter of sec-
tion 2. 
The soils and the elephant tooth would belong probably to 
the Sangamon. , 
47. Pottawattamie County.-J. A. Udden (Iowa Geol. Surv., 
Vol. XI, p. 260) reported that a bison skull had been dug out 
of a well at a depth of fourteen feet, in the loess. The locality 
is near the middle of the east line of section 28, James township 
(township 76 north, range 40 west). This bison belonged prob-
, ably to Bison occidentalis, or it may have been B. antiquus. 
N ear the same locality a stone ax is said to have been found 
in the loess at a depth of thirty feet. It is unfortunate that 
such finds 'cannot be verified . 
. 48. Oneida Township, Delaware County.-Calvin (Iowa 
Geol. Surv., VIII, p. 165) tells of a ' forest bed being found be-
low ,Kansan in trenches dug along a roadside in Oneida town-
ship. This would be Aftonian, if the drift called Kansan is 
really such. The, locality is on the southwest quarter of sec-
tion 6, township 89 north, range 4 west. 
49~ Near ~eon, Decatur County.-Bain (Iowa Geol. Surv., 
Vol. VIII, pp. 287-8) reported an exposure showing a black 
"guinbo" soil which contained some r00ts. It is located on ·the 
southwest quarter of section ,29, Center township (township 69 
north, range 25 west). This would probably belong to the Af-
tonian. 
50. Near Dalton; Plymouth Co'ttnty.-Bain (Iowa Geol. 
Surv., Vol. VIII, p. 336) reported a,n 'old soil.in an exposure 
seen on the southeast quarter of section 11, township 92 north, 
range 46 west (Washington township). This is near Dalton, 
and west of Le Mars. 
51. Le Mars, Plymouth County.--...,.-Bain (Iowa Geol. Surv., 
Vol. VIII, p. 336) reported an exposure of an interglacial de-
• 
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posit here. The loess rests on stratified gravels and is about 
three and one-half feet thick. Here was found an imperfect in-
nominate bone, No. 259 of the collection at the State University 
of Iowa, which 'may have belonged to the mastodon Mammut 
americanum or to Rhabdobunus mirificus. Recently in a gravel 
. pit at this place Prof. G. F. Kay obtained a 'large fragment of a 
limb bone of some proboscidean, No. 379 of the collection. 
52. Near Mouth of Broken Kettle Creek, Plymouth CO'Lllnty . .-:... 
Bain (Geol. Surv. Iowa, Vol. VIII, p. 348) tells of a terrace 
forty-five feet above low water of Sioux river at this place 
which contains many unios. These, as the writer is informed 
by Professor Shimek, are connected in large part, if not wholly, 
with the work of the aboriginal inhabitants. Possibly some of 
those near the level of the river plain are a part of an alluvial 
deposit. Those higher up seem to be connected with refuse 
heaps. 
On section 11, township 90 north, range 48 west (Hancock 
township) was seen , a bit of old soil on the slope of a hill, in , 
a wagon road cut, just west of Dalton. This old soil was from 
twelve to eighteen inches thick and lay between Kansan drift 
and the loess. 
53. Near ' Albion, Marshall County.-Beyer (iowa Geol. 
Surv., Vol. VII, p. 231} reported an exposure of probable Af-
tonian near this place in or near sections 1 or 2, township 84 . 
north, range 19 west. There are gravels and sands abo'ut ten 
feet thick, underlain by a blue till supposed to be Nebra·skan. 
In Nettie C. ' Anderson's list, Professor Norton reported that 
a large ,molar of a mammoth, in a perfect state of preservation, 
had been ' found in Iowa river, near Albion. It is in Cornell 
College, Mt. Vernon, Iowa. 
54. Near Wapello, Lo'uisa CPtllnty.-J. A. Udden has re-
ported (Geol. Surv. Iowa, Vol. XI, p. 109) that old soils occur 
near the cente.- of section 23, township 74 north, range 3 west 
(Port Louisa township). Below peat U dden observed dark 
curving cylinders resembling animal burrows going down into 
the underlying deposit. A soil was observed in the northwest 
quarter of the northwest quarter of section 15 ,of. 'the same 
township. , East of the north and south railroad bridge the peat 
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is replace,d 'by a thick tangle of decaye~ gymnospermous plants. 
These soils and peat~ belong to the Sangamon. 
llnder this number ' may be mentioned a t<?oth of the ele-
phant, Elephas primigenius, No. 61, of the State University 
collection, which is labeled as having, been found near Wapello. 
It is much worn. Its geological age is unknown. 
Udden, as cited, page 110, r~ported' that Mr. George Gresham 
had found in what was regarded as Sangamon soil, in the 
northwest quarter of section 14, township 74 north, 'range 3 
west (Port Louisa township), the antler of a deer. Mr. Gres-
ham has informed the writer that he still ha~ a part of this 
antler. It is not probable that this belonged to any living spe-
cies of deer. 
55. Near Fort Dodg'e, Webster Gounty.-F. A. Wilder 
(Iowa Geol. Surv., XII, pp. 130-131) ' reports Aftonian sand-
stone and gravel in a pit of the Ft. Dodge Brick and Tile Com-
, . pany. 
56: Denmark, Lee Gounty.--Leverett (Proc. Iowa Acad. 
Sci., Vol. V, pp. 79, 83) ' discusses the presence of' old soils, 
Yarmouth and Sangamon; in Lee county. Various exposures 
along the roadside were observed between West Point (see 
locality No. 35) and Denmark and between Denmark and Ft. 
Madison. In all such exposures search should be made for re-
mains of organized beings., 
Here may be recorded fossil remains found , not far from Ft. 
Madison ' and which are further described under Notes 'on the 
Mastodons which have been found in Iowa, 
57. Malvern, Mills GOU1tty.-J. A. Udden (Iowa ,Geol. Surv., 
Vol. XIII, p. 170) reported the discovery ,of mammoth remai~s 
at Malvern. These had been found in 1879, at the crossing of 
First avenue' and RaHway street, in grading the Chicago, Bur-
lington and Q'uincy railway. Three teeth, a part 6( a tusk and 
two long horns are reported to have been found. These re-
, mains are now pr'eserv,ed at Tabor College and have been ex-
amined by , the writer. They are described in their ptoper 
place under Notes on remains of Elep4ants which have been 
found in Iowa. 
, . 
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58. Washington T01A!ns hip , Pottawat'tamiie Cownty.---'J. A. 
Udden (Iowa Geol. Surv., Vol. XI, p. 260) reported that. the 
bones of an elephant had been found in section ' 34, township 75 
north, range 41 west. Apparently they occurred in the loess. 
Where these bones now ar'e arid to what species theY-belonged 
is not known to the writer. - ' 
59. Near Morning Sun, LO'l/tisa' Count~. Udden (Iowa 
Geol. 'Surv., Vol. XI; p. 106) mentions old' s~~which belong 
to the Yarmouth stage as occurring in a ravine III the south-
west quarter of 'the southwest quarter of .seCtion 32, ' township 
73, north, range 3 west (Morning Sun township), and again 
near the northwest corner of section 33. ' .. 
60. Lyon County.-Shimek (Bull. Geol. Soc. Amer., Vol. 
XXIII, 1912, p. 13'7) gives the' following section found in the 
southwest quarter of section 33;' Centennial township (town-
ship 99 north, range 48 west): (1) Nebraskan, typical blue-
black till, with large numbers of bowlders, 60 'feet; (2) Afto-
nian, chiefly sand, with a few lines of pebbles, cllPped by about 
2 feet of silt containing shells, 10 feet; (3) Kansan, 15 feet ex-
posed, but with Kansan bowlders on hillside' to height of 85 
feet above the section. "Finest exposures of Nebraskan yet 
discovered, and the exposure is clear for fully 60 feet." 
61. Lyon, County.-On the northwest corner, section 21, 
Centennial township (township 99 north, range 48, west) 
Shimek (Bull. Geol. Soc. Amer., XXIII, p. 138) obtained the 
following section: 
'FEET. 
3. Kansan, typical ..... . . ' ............ . ..... .. . . .. ', . . . . . .. 15 
2. Aftonian-Loose sand and graveL .. . . . ....•..... . ..... 24 
Conglomerate forming a ledge ..... . ... . . . . . . 5% 
White, calcareous, marly stratum, probably 
Aftonian ............................... 5 
1. Nebraskan, typical, to creek . , , ......... : .... . .. . . : . . .. 15 
ShImek publishes another exposure in the same section and 
two others 'seen in the next township west, number 49. 
62 . . Union Cownty, South Dakota.-From Otis Mill, Union ' 
county, southwest quarter of section 29, township 94 north, 
range 48 west', Todd (~lk Point folio, No. 156, U. S, 'Geol. Surv., 
p. 4) reported that a lower jaw of a horse had been foti.nd. 
! I 
.. 
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. Shim!lk (BulL Geol. Soc. Amer.,· Vol. XXIII, p. 140) reported 
the dep~sit as Aftonian, being a ' b~d of fossiliferous silt resting 
on Cr'etaceous. Shimek informs the writer that the fossilifer-
ous stratum has been referred to the loess, but that the mollus-
can fauna is distinctly of the alluvial type.. Above the silt is 
,a stratum of gravel, and on this .a thick bed of Kansan drift, 
which in turn is covered wit"p' loess. 
, In Sioux County, Iowa, about two miles north of Chatsworth, 
Shimek (Bull. Geol. Soc. Amer., XXI, p. 127) found Aftonian 
sapd and 'gravel in a cut along the' Chicago, Milwaukee and St. 
Paul railroad. No fossils are reported. 
I 
63. ' Fai'"view, Lincoln County, South Dakota.-Shimek 
(BulL Geol. Soc. Amer., Vol. XXXII, 1912, p. 144) reports ex-
posu.res one mile south of Fairview along the Chicago, Mil-
waUkee and St. Paul railroad: 
2. 30 feet gravel, Aftonian? 
1. Nebraskan, typical blue-black. 
Between the two is a silt band, tough, reddish, and laminated. 
64. Granite, Lyon County.-About one mile west of Gran-
ite Shimek found the follo~ng section: 
FEET. 
3, A gravelly yeUowish stratum of uncertain age ......... 3-6 
2. Bed of sand and gravel ... ..... . . ... .......... . . ...... 3-5 
, 1. Weathered gr,ayish drift, probably Kansan, exposed, . . . . 5 
, "A worn fragrllent of the molar of a horse was found' in the 
gravel bed." (Shimek, Bull. Geol. Soc. Amer., Vol. XXIII, 
pp. 145, 151.) ~he tooth may have been derived from some 
older deposit, but probably not. 
6;5. Near Morning Sun, Louisa County.-In the bank of Qt~ 
ter creek, on the northwest quarter of section 25, Morning SUB 
township (township 73 north, ' range 4 west), were £ound' some 
years ' 'ago some remains ' of an e.lephant, consisting of a lower 
jaw, with a tooth, part of tp,e 'pelvis, ribs, and piece of tusk. 
Here the bank of the creek consists of materials resembling a 
. Sangamon soil (Udden, Geol. Surv. Iowa, ' X~, p. 110). 
... ..... . I • 
. 66. qrinnell, .1),0'l!leshi~k Courdy ,- .J. ,,A, • • Udden JAu,!plstana 
Lib. publ., No.5, p. 5,3) 'reported ,mastodon, remains from ' this 
place: Details ~re not ' given. 
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Barbour (Scien~e, ser. 1, Vol. XVI, 1890, p. 263) gaye an. ac-
count of the dis'coYery of remains of two elephants at Grinnell. 
Tu.sks, teeth and other parts are reported. See an enrlier re-
p6rt- by H. W. Parker (Science, Vol. IV, 1884, p. 46). 'Some of 
these remains are in Grinnell College, and these hliye been e:xr 
amined by the writer. Th~ tusk and teeth found in Grinnell 
belong to Elephas primigenius. T~ese remains are further dis-
cussed in the part of this paper deyoted to the eleph~nts found 
in Iowa. . , , 
.67. Marengo, Iowa County.-:-No. 324 of the collec'~ion at the 
Iowa State Uniyersity is a first lower true molar ,which was 
found by Mr. Wm. Walker alon~ Bear creek, in the northwest, 
quarter of the northwest quarter of section 25, Marengo town-
ship (township 81 north, range 11 west). This tooth belongs to 
Elephas primigenius (PI. LV. fig. 3) . From the alluvial depos-
its along Iowa river, at Marengo, was obtained a nearly com-
plete lower jaw of an Elephas (Calvin, Bull. Geol. Hoc. Amer., 
Vol. XX, pI. XXV, fig. 3). Calvin regarded it as Elephas co-
lumbi~ but the great number of plates, nine, in a 100 mm. Ijne; 
the relatively' small size of the teeth and the thinness of the en-
,amel indicate Elephas primigeni'us. 
68. ,Monona CO~tnty.-Shimek (Bull. Geol. Soc. Amer., XXI, 
p. 129; ' Iowa Geol. Surv., Vol. L",,{, p. 347) described the Wen-
iger pit, situated on the east one-half of section 18, Kennebec 
township (township 84 north, range 44 west). The Aftonian 
here rises to about forty feet above the Missouri river bottoms. 
Above it is typical Kansan drift. No vertebrate fossils have 
yet been found at this place. 
69. Correctionville, Woodbury County.-In' the collection at 
the Iowa State University is a much worn tooth of Elephas 
primig'enius, possibly the last milk molar. This was found in 
'the Gilleas pit and is numbered 355. In the same collection are 
,a;- '!iqrn-core; No. 350, and the base of a skull of a bison, both 
probably of the same individual, and belonging to Bison occi-
dentalis. They were found in the Welch pit. There is also the 
scapula of a bison from this locality, No. 354., It may haye be-
longed to the species named above, but of this one cannot be 
certain.,' Here, too, we're found t~o 'portions of antlers or'some 
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species ""of caribou. These are Nos. 352 and 351 of the collec-
tion at the State University of Iowa. They will be described 
and figured in their proper place. The caribou antlil's, to-
gether with the bison remains, were ' found in the Wefch pit 
and the "writer regards ,them "as older than the Wisconsin, 
stage. 
70. Waterloo, Black Hawk County.-In the Iowa State His-
torical Department's ' collection, at Des "Moines, are two large 
last upper molars, right and left, considera hly worn, Nos. 4527 
and 4532, and another , much worn tooth, No. 4525. ~hey werp 
found in a sand pit, seven feet from the surface. They .are re-
ferred to Elephas 'primigenius. . 
This region is covered by Iowan drift underlain by " Kan~a~, 
but what are the relations of the sands of this pit to . the two 
drift sheets the facts at hand do not enable the writer to de-
termine. 
71. Clear Lake, Cerro Gordo County.-In the Iowa State 
Historical Department's collection is a lower jaw, with right 
and left last molars, of an Elephas, which the writer refers to 
E. pr.imigenius. It was found in 1898 by Mr. H. I. Smith and 
has the catalog number 4521. There are eight plates in a 100 
inm. line. The thick and :;;omewhat crimped enamel resembles 
'somewhat that of Elephas columbi. This locality is on the bor-
der of the Wisconsin drift, and thE' age of the jaw may be post-
Wisconsin, 'or late Wisconsin, for, the hairy mammoth IlJ,ight 
have lingered around the borders of the glaciers. ' 
72. Clinton, Clinton County.-In the collection of the Daven-
port Academy of Science is a lower tooth which , is referred to 
Elephas oolwrnbi. This was found somewhere about Olinton 
by Mr. Thos. J. Fraser. I • 
In the Ohicago Academy of Science there is a toot,h "and 'a 
tusk of Elephas which were found at 'Olinton ' and report~d in 
Nettie O. Anderson's list 'by F: O. Baker.~ 
'73. Big Rock, Scott County.-In the collection 'of the Daven-
, port Academy is a p'art of a tooth of an Elephas" 'which ' the 
writer refers with some doubt" to E. colttmbi. It was found at 
Big Rock by Mr. A. W. Manchester. 
• 
• 
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75. Oherokee, ,Oherdkee Oounty.- To Elephas oolumbi is re-
ferred a tooth,' No. 325, of. the Iowa State University collec-
tion. ,t was found ' in the Turner- pit, three 'miles ' north of 
Oherokee, in what Is called Oherokee sands. '. 
Mr. Richard Herrmann, of Dubuque, has informed the writer · 
that, about 1875, a tusk of an elephant or of a mastodon was 
found in a gravel pit of the Illinois Oentral Railroad, at Ohero-
kee. The pit was on the east side of the river. This tusk was 
nine feet five inches long and was broken into two pieces. The 
larger 'piece was put in a saloon in Fort Dodge. A piece three 
feet long was placed in the office of the Railroad in pubuque. 
76. Postville, Allamakee County.-In 1904 Mr. Thos. French 
found four teeth, the lower jaw, and SOIDe vertebrre of a spe-
cies of Elepbas, which were sticking out of the bank of Yellow 
river, at a place four · miles north of Postville. The remains 
are in an excellent state of preservation. Mr. French 'still 
owns these remains. This ' co,unty lies wholly in the driftless 
region. 
77. Lake View, Sac County.-From this locality there was 
obtained for the collection at the State University of Iowa the 
articular end of a large scapula. From the proximity of the 
spine to the anterior edge of the scapula, the writer is inclined 
to refer the bone to some species of Elephas. It was found in 
a gravel pit south of Lake View by Mr. John A. Spurrell. It is 
catalog number 226. 
78. Polk City, Polk County.-Beyer (Iowa Geol. Surv., Vol. 
IX, p. 21) reported that a perfectly . preserved molar of 'Ele-
phas primigeni~"s was found, in 1898, by an employe of the Ohi-
cago and North Western Railway Oompany. No details were 
given and it is . not known wbere the tooth now is. It is also' 
probable tbat Beyer did not attempt to distinguish between 
E. primigenius and E . . columbi. 
79. Walnut Towr;-ship, Jefferson County.-J. A. Udden 
(Iowa Geol. Surv., Vol. XII, p. 428) reported that the lower 
jaw of an Elephas had been found in the bed of Walnut creek, 
in the northwest quarter of section 28. The writer has receiv~d 
a letter from the finder, Mr. Josia Bales, who says that he still 
oWns the specimen . 
, . 
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Whether this belonged to E. columbi or-to E. pnmtgenius 
the writer does not know. Nor is it known to what stage of 
the Pleistocene it belonged. 
80. Montro'se, Lee County.-Number 71 of the collection at 
the State University 'belongs to the tooth of a h<;>rs'e which was 
found near Montrose, at a depth of twenty-five feet.' At ,this ' 
depth. it seems probable that Aftonian deposits had been 
reached. ' ' 
In Nettie C. Anderson's list, p. 28, Mr. Justus M. T., ¥yers, 
of Fort Madison, reported having found a tooth of , Elephas 
primigeniits in a creek below Montrose; also a molar' of an ex-
tinct elephant in Sugar creek; but the exact locations are not 
given; nor is it known where the specimens now are. 
81. Near Buffalo, Scott County.-There is in the collection 
of the Davenport Academy of SClence a large upper molar of 
Elephas from Sullivan's farm, Iwar Buffalo. 
82. Springfield l'ownship, Cedar County.-W. H. Norton 
(Iowa Geol. Surv., Vol. XI, p. 377) reported that some teeth of 
a mammoth had been found in a -washout, on the farm of A. T. 
Whitnell, in the southeast quarter of the southeast quarter of 
section 6, township 81 north, range 1 west-. Two of these te~th 
are now in Cornell College. This area is covered with Kan- , 
san drift, but the relation of the teeth to this drift is not 
known. 
83. Rock Rapids, Lyon County.-In the Bulletin of the Geo-
logical Society of America, Vol. XXII, p. 215, Professo,r Cal-
vin mentioned a large atlas found here and supposed to be that 
of a mastodon. It seems rather to have belonged to Elephas 
primigenius. This bone lS, descrlbed on another page among 
the Notes on remains of Elephar..ts which have been found in 
Iowa. Other proboscidean vertebral found in the same pit are 
,there mentione,d and the conditions in which they were dis- -
covered are stated. ' 
84. Glenwood, Mills' Coun'ty.~J: E. Tod<:l ' (P~oc. Iowa Acad. 
Sci., 1875-1880, p. 14) stated that there were found, between 
. -- Glenwood and Pacific Junction, tusks, teeth, jaws, humerus, 
and other bbnes of a y.oung Elephas amer1.canus . . Professor 
Todd has stated (Bull. U. S. Geol. Surv .. , 158, p.' 90) that these 
I -
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bones 'were iIi the base of the lo~~s or in the top of ' the till. 
The locality is near Keg creek. They were at the east end of 
the railroad cut at that point; and from forty to fifty feet of 
drift is seen there. These bones are in Tabor College. 
85. Clarinda, Page County.-O. A. White (Iowa Geol. Surv., 
'Vol. I, p. 353) reported that in the valley of Nodaway river, 
near Olarinda, some teeth of the mastodon had been foun,cJ. 
86. Blanchard, Page ' County.-Calvin (Iowa Geol. Surv., 
Vol. 'XI, p. 413) stated that large bones which, from the de-
scription given, must have belonged to a mammoth or a masto-
don, had been brought up from a depth of 'from ninety to nine-
ty-five feet with pieces of bark and w00d. These seem to have 
been lying in an old preglacial valley. It is unfortunate that ' 
such remains should be lost. 
87. Rippey} Greene County.-Here was found ,a right scap-
ula, which the writer has examined and which he regards as be-
longing probably to the mastodon Mammut americanum. It 
is' in the collection of the State Historical Department at Des 
Moines. It probably belonged to the same animal as the hu-
merus which bears the number 4514. ' 
88. Boone County.-In the collection of the Iowa State His-
torical Department, at Des Moines, are various remains of 
Mammut americanum. The exact locality is not given and no 
details regarding depth and kind of matrix. On the map the 
number is placed arbitrarily. ' 
89. Near' Adel, Dallas County.-Oalvin (Bull. Geol. Soc. 
Amer., Vol. XXII, p. 2i5) records the fact that in 1876 a com-
plete skeleton of M ammut americanum was found here. It lay 
,in a peat deposit that partly filled a "kettle" in the surface of 
the Wisconsin drift. It is not known what has become of this 
valuable specimen. 
90. N~w Virginia, Warren County.-A. R. Fulton (Howe's 
Annals of Iowa, Vol.' II; 1883, p. 102) described, under the name 
of Elephas americanus, the ·tooth of a mastodon which" had been 
found on Limestone creek one and one-half ~iles west of New 
Virginia. , ' 
'91.' Ottumwa, "Wapello County.-It is stated (Kansas City 
Rev. Sci. and Indust., Vol. 'III, 1879, p'. 242) that"a"¥t. 'Houbler 
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had discovered, about six miles south of Ottumwa, the tusk of 
a mastodon.. This was two feet two inches long. It is impos-
sible to say whether this really belonged to a mastodon. 
In the .Ame,rican Museum of Natural Histo.ry, New York, 
there is a part of the rear of the skull of a species of a musk-ox, 
Ovibos, probably 0 : moschatus, which is credited to E. L. La-
throp, of Ottumwa. No details are known respecting the exact 
locality where found. 
In the Iowa Wesleyan College, at Mt. Pleasant, are the nearly 
complete innominate bones of a pl'oboscidean which are labeled 
as having been found in Des Moines river in Wapello county 
in 1859. There are also ' two ribs which are labeled as having 
been found near Ottumwa and presented by the Rev. E, C. 
Brooks. These ribs probably belong with the pelvis and are 
those of the Mastodon, M ammut americanum. 
92. Mahaska County.-In the collection of the State His-
torical Department, at Des Moines, there is an upper last molar 
of Mammut arl'iericanum which is said to have been found in this 
county. Nothing more definite is stated. ' The collector was 
J. D. Davis, Des Moines. On the map the number is placed 
arbitrarily. . 
In the collection of the Iowa State University is the right os 
innominatum of a proboscidean ~hich was found in Skunk 
river in Mahaska county. The bone will be described. on an-
other. page and referred provisionally to Elephas primigenius. 
Dr. Mark F. Boyd, of Oskaloosa, informs the author that 
the locality is about one and a quarter miles east of the bridge ' 
of the Minneapolis and St. Louis railroad. This wo~ld prob-
ably be in the southeast qua'rter of section 30, township 76 
nor~h, range 15 west (Spring Creek township). 
93. Wilton, Mu.scatine County.--'One-half mile south of this 
place, Qn Mud 9reek, were found remains of a proboscidean 
which Calvin examined. From a photograph of the scapula 
(PL LII, fig. 1) which has been preserved, the writer refers the 
remains to the mastodon Mammut americanum. (Udden, Iowa 
Geo!. Surv., VoL IX, p . . 352): It was probably b~ried in San-
gamon deposits. . . . 
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94. Shellsb~t'1"g, Benton Oounty.-A rib and, a tooth of Mam-
m'ttt american'}1m were found in alluvium along Bear , creek, ae 
. reported in Nettie C. Anderson's list, on page, 25. 
95. Springville, Linn Oo'unty.--Iri. Nettie C. Anderson's list, 
on page 29, W: H. Norton reported the discovery of two masto-
don teeth, in or on Iowan drift, near this place. 'l'he&e teeth 
are now in Cornell College; 
96. Oedar Rapids, Linn Oounty.-From Mr. B. L. Wick, of , 
Cedar Rapids, the writer has received photographs ,and de-
scription of a tooth of Elephas primigeniu8, which was pumped 
up from the bed of Cedar river. The age of the deposit from 
which it was origin;:tlly derived cannot be determined. 
97. ,Maquoketa, Jackson Oou-nt-y.-In Nettie C. Anderson's 
list, on page 27, W. H. Norton reported the discovery of an 
atlas and two vertebrre of an extinct proboscidean near the 
town named. These are in the collection of Cornell College. 
98. Bryant, Olinton Oounty.-Mr. Louis Rockrohr, of Bry-
ant, has sent the writer a photograph of a last molar tooth o'f 
a mastodon, Mammut americanurn, which he found while load-
ing some gravel. It ,was buried at a depth of eight feet from 
the surfa ceo 
99. Milton, Van Buren Oounty.-In the collection of the 
State University of Iowa there is a last lower molar, of a' mas-
'todon, Mammut americanum, which was found in Chequest 
creek, near Milton, about 1890, by W. B: Bell. The catalog 
number is 382. 
100. Lost 01"eek, Lee Oounty.---In Nettie C. Anderson's list, 
on page 28, Justus M. T. Myers reported having found, in Lost 
c:r;eek, a leg bone, piece of tusk, and a short rib of a mastodon. 
These may have belonged to either a mammoth or a mastodon. 
The exact locality along Lost creek is not known. 
Mr. Myers reported likewise that with these remains were 
,associated one human leg bone and one flint arrow head. How-
ever, ' the association of such remains in a creek bed is ;not usu'-
, ally of much significance. ' 
, 101. ~ lr{ount Pleasant, ;Henry Oounty.-rIn: Nettie C. Ander-
son's list, on page 27, T. E. Savage reported that seyeral teeth ' 
EXPOSURES OF. INTERGLACIAL DIDPOSITS 81 
and bones of a . mastodon had been found in a well near this 
place. They were in, or immediately below, Kansan drift. 
These remains are in the ' Iowa Wesleyan Oollege, at Mo-qnt 
Pleasant. . . 
102. Salem, Henry dounty.-In the list published by Nettie 
C. Anderson, page 27, Frank Leverett reported that some mas-
todon teeth and possibly one of a 'mammoth had been found, in 
1884, in the valley of Big Oedar creek; Salem township, section 
8. The creek had made encroachment on an old bog. Lev-
erett d,id , not see these teeth, a:J;l.d they may have . 'belonged 
to either mastodon or, mammoth. r , 
In the same publication Dr. J. M. Shaffer, of Keokuk, re-
ported that he had seen two mastodon teeth which were said to 
have been dug up near the bank of Skunk river, in Henry 
county; but no more exact locality was given. 
103. Selma, Van Buren Couniy.-In the collection of the 
Iowa State Historical D£lpartment, is a right humerus from 
this place, presented by Mr. A. B, Adams . . It has the catalog 
number 4524. It lacks the proximal end. On account of its 
relative stoutness, the writer regards it as belonging to the 
mastodon, Mamm1tt americanum. No details are' furnished re-
specting locality or ,kind of deposit. 
104. Floris, Davis County.-In the list of Nettie O. Ander-
son, on 'page 26, Justus M. T. Myers reported havingtfound in 
Des Moines river, near Floris, two mastodon teeth, one weigh-
ing fourteen pounds,' the' other four pounds. This 'great weight 
indicates that the larger tooth, at least, belonged to one of the 
elephants. 
I ' , 
105. Near Clermont, Fayette CountY.-ln Ngttie O. Ander-
son's list, page 26, Prof. T. E. Savage reported a proboscidean 
tooth from this, region, stating that it was in the possession of 
Mr. C. E.J'An~n, of vye'sf Uni~n. Mr. -Allen h~s ~~nt a descrip-
tion and a drawing of the tooth, and there~rom the writer con-
, eludes fhat the tooth belonged to the elephant Elephas 'prim'i~ 
gen~us:-- The tooth was 'found ' in ad ca~-load 'of 'gravel, ~which 
• .,' • ' . ' " ~ . ..~ • J 
had been obtained at a depth of abo'ut twenty feet, at a' pl~ce 
between': 'Elgin ' and Olermont. ' 'The description seems 'to indi-
,'. .. 6 " : \. (~ . . . .: . ' ,. . ..' ,", ~. ..: ~ 
" 
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cate that the, locality is along the railroad in section' 11, town-
ship 94 north, range 7 :west (Pleasant Valley township). 
In the same township, in section 35, was found a part of the 
skull of a musk-ox, Ovibos moschatus. It was in a chiy at a 
depth of about twenty-six' feet. The occ1;lrren.ce of these' two 
boreal species here and at about the same depth seems to in'ai-: 
cate that the animals were living there during the time of the 
Wisconsin ice-sheet, 
106. Webster City, Hamilton County.-Here was found a ' 
left horn-core of Bison occidentalis, No. 2349 of the National 
Museum. It was sent, in 1878, by Charles Aldrich. It was 
found by him sticking out of one of the gravel bars in BOQne 
river, at Webster City. Although this region is covered by 
Wisconsin drift, it is ,probable that the bone was derived from 
an older deposit. It is figured on plate XL, figure 3. 
'107. N ear Oakland, Pottawattamie County.-'-In the collec-
tion at the St'ate University, is a large part of an incisor tooth 
of the giant beaver, Castoroides ohioensis. It has the cat.alog 
number '106, and it is described here in its proper place. It 
was regarded by Calvin as being derived from Aftonian de-
posits. 
108. Near Dubuque, Dubuque County,:-In lead crevices 
somewhere about this place, Whitney collected remains of a 
peccary identified by Leidy as Platygonus compressus. These 
, remains' are referred to on a suceeeding page. 
At Horse S40e Bluffs, three miles below Dubuque, there was 
once found a large mammoth tooth, as the writer is 'informed 
by Mr. Richard Herrmann, of Dubuque, who has been much in-
terest~d in such matters. This tooth was for a long time in a 
saloon in the city mention~d. 
Under this number may be included mention of 'a tooth of 
Elephas primig'enius which was found. in 1896 hr- Mr. David 
Dawson near the eleven mile post of the Illinois ,Cent:ral rail~ 
road, west of Dubuque. This tooth is now in the Herrmann 
Museum. It is ' further mentioned under Notes on remains 
of Elephants .which have been found ill Towa. 
109. Washington Township, Story County.-M. ,Stalker, of 
Ames, Iowa, Uowa Geol. Surv., Vol IX, 189~, p. 210) 'gave an 
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. account of the finding of some "mammoth" remains, 'Vertebral, 
part of a left femur, one ·end of the tibia, but no teeth. The 
, township is 83 north, range 24 west. The bones are said to be , 
in the State Agricultural College at Ames. 
110. Clayton County.-Here may be recorded information 
received from Rev. J. Gass, formerly of Davenport. In a let-
ter, dated October 20, 1911, from Postville, Allamakee county, 
he informs t:p.e writer tha t mammoth' teeth had been found in 
sections 5,16 and 23 of Wagner township (township 94 north, 
range 5 west) . No details were furnished. ' 
111. Henton Station, Mills County.-T:J:tis is a railroad sta-
tion situated about nine miles south of Oouncil Bluffs and close 
to Missouri river. Here were found two teeth of elephan.ts, 
Nos. 300 and 301 of the collection at the State University of 
Iowa. The present writer regards these as belonging to Ele-
phas columbi. Here was found the distal end of a large hu-
merus, No. 305, which belonged to an undetermined species of 
,camel; and Oalvin (Bull. Geol. Soc. Amer., Vol. XXII, p. 211) 
has reported from here a proximal phalange of another cameL 
Here, too, were collected teeth of horses sent to the writer by 
Prof. J. E. Marshall of Oouncil Bluffs. They , belonged to 
Equus complicatus and E. laurentius. 
112. Doon, Lyon County.-In 1910, according to a ' letter 
'written by the Henry Kahl Oompany, 'and another by Fred O. 
Smith, of t:p.e Sioux Oity Academy of Science, there were un-
earthed by a steam shovel 9perating on the line of the Great 
Northern Railroad, at Doon, two large tusks. These were much 
broken and besides soon crumbled. One of" these appears to 
have been about ten feet long. ,These tusks were found in 
gravel at ' a depth of about twenty-five feet below the surface. 
' The gravels probably belong to the Aftonian interglacial 
stage. It is impossible to determine whether· the tusks were . 
those of an elephant or one of -the mastodons. 
. Fragmerits of one"of these tusks belong to the collection at 
the State 'University'of' Iowa, but the writer has not seen' them. 
-113. Bertram; Linn ' Go'Ulfl,ty,~In Nettie O. Anderson,is lii;lt, 
page 28, -F. O.-·Baker, of the Chicago Academy of Science; ' re-
'portedab:at"there wa~ ' in ' the collection- of the acade:in.y a-tusk, 
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supposed to -be-of a mastodon,-which ·was found in a gravel pit 
at Bertram. -
. -
114. Columbus Junction, Lou,isa County.-Near thIs place 
have been found some lower teeth of Elephas primigenius. 
Photographs and measurements .of the te.eth have been sent to 
the writer by Mr. E. B. Tucker, of the town mentioned. The . 
finder was Mr. W. A. Devore. The exact locality has been given 
as the northeast quarter of the southwest quarter of section 34', 
Union township (township 76 north, range 5 west). ~he teeth 
had been washed out of the earth ' and were found in a gully. 
The larger tooth appears to be the lower second molar, m. 2 j 
the others, -the lower first molars, m. 1 , right and left. 
115. Indianola, Warren County_~In Nettie C. Anderson's 
list, page 38, Prof. John L. Tilton, of Simpson College, reported 
that a lot of large bones had been found sIx feet below 'the bot-
tom of a ravine, by workmen engaged in laying a cement founda-
tion for a bridge on the Chicago, Burlington and Quincy rail-
road. This was one and one-half miles east of Indianola. In 
his dissertation, The Pleistocene Deposits in Warren County, 
Iowa (University of Chicago Press, 1911, p. 27), Professor Til-
ton refers to these bones and regards them as belonging to 
the Aftonian. The large lumbar vertebra whose measurements 
he gives has been examined by the writer. From the elongated 
cordate form of the centrum it is judged to belong quite cer-
tainly to an elephant. . . , 
116. Near Hampton, Franklin County_-Rere was found an 
upper second' molar of Elephas primigenius, in a sand pit in 
section 19, township 92, range 20 west (Mott township). The 
tooth was met with at a depth of six feet. The locality is close 
to the border of the Wisconsin drift, and the animal probably 
lived there about the time the glacial front was there or not 
far away. 
117. Near La 'Porte City, Black Hawk County.~In the. col~ 
lection at Princeton University, New Jersey, ~re two cervical 
and three dorsal vertebrre of a bison whieh are labeled as hav~ 
ing been taken from the bank . of Cedar river at this place. 
From what is at present known one cannot determine to which 
species of Bison these ought to, be assigned nor the stage of the 
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Pleistocene to which they belonged. It is possible that th~ 
bOlies are those of the yet existing bison. 
118. Bear Grove, Guthrie CO'ttnty.-From' this place there 
was sent to the National Museum, in 1892, by V. D. ,Merrill, a 
lower molar of an undetermined- species of bis~m. No details 
have' been furnished. It is qui~e 'probable that the tooth be-
longed to the yet living biso.n. From ¥r. G. W. Merrill, a rela-
tive of V. D. Merrill, writing from Guthrie Center, t4e author 
. learns that the tooth was , found in a gulch about · ten feet deep 
in the northeast quarter of the southeast quarter of section 23, 
town~hip 79 north, range 33 west (Bear Grove township). 
119. ,Floyd, Floy.d Co,unty.~Near this place, close, to the 
top of a twenty-nve foot section along Cedar river, at the bot-
tom of fifteen inches of light brown loam, W J McGee (11th 
Ann. Rep. U. S. Geol. Surv., p. 431) found some cranial bones ' 
and teeth of a bison. These probably belonged to the now 'ex-
, isting spec~es, Bison bison. 
120. Mason City, Cerro Gordo County.-Prof. A. O. Thomas 
informs the writer that the Gabler gravel pit, east of Mason 
City, in section 11, Mason township (township 76 north, range 
20 west) has furnished ,some Pleistocene remains worthy ,of 
note. , The gravel is post-Wisconsin in age and is a part of the 
same valley train that is found lower down at Marble Rock, 
' Floyd county. The foreman of the pit possesses a fine Ele-
phas.tooth which has a length of 278 mm., a height of 155 mm., 
and a width of 77 ' IDID. ' It is worn back a distance of 120 mm. 
There are between nine and ten ridge plates in a line 100 IDID. 
long. This appears to the writer to indicate Elephas primi~ , 
genius, and the tooth is probably the last upper illolar. ' 
, 121. . Winthrop, Buchanan Co'ltnty.-Near the east line of 
t~is COUI).ty, about five miles ea,st of Winthrop, the head of , the 
femur of a proboscidean was fouud many years ago in a peaty 
layer, by Doctor. Calvin., It ,has the catalog nUIIJ.ber 373 in the 
collection of the State 'university. ' 
, 122~ Dale, Guthrie ' County.-Number 222 of:.the catalog of 
" vertebrate fossils in the collection at the State University' of 
Iowa belongs to 'some fragments of a tusk of ;:t mastodon or 
t'lepha'nt which was found some years ' ago by Dr; J . Lonsdale; 
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A foot or more of this tusk was observed fo protrude from the 
bank ' of South Raccoon river. Notice was s€mt to the Geolog-
ical Survey of Iowa, but before the locality could be visited a 
freshet had washed. the specimen out and all was lost except 
th~ fragments mentioned above. 
123. Eldon, Wapello Cownty.--In the collection at the Iowa: 
State Teachers College, at Cedar Falls, is the greater part of 
the left femur. of a proboscidean which, according to Prof. M. 
F. Arey, by a private letter, was found in the gravels along 
Des Moines river, near Eldon. The present writer has seen a 
photograph of this and he judges from the stout proportions 
of the bone that it belongs to the ' mastodon Mammut a;meri-
canum. The head of the bone il:l missing. 
124. Clarksville, Butler County.-Prof. M. F. Arey of the 
State Teachers College, at Cedar Falls, has informed Prof. A. 
O. Thomas that there are in the collection of the State Teach-
ers College some fr~gments of a large tusk which had been 
found in a gravel pit at Clarksville. The workmen who found 
this tusk broke it into pieces in order to satisfy thei~ misdi-
rected curiosity. Whether the tusk was that of a mastodon or 
of an elephant it is impossible to state. . 
125. Ida Grove, Ida County.--In the collection of the Iowa 
Historical Department, at Des Moines, is a tooth of a proboscid-
e~m, which was found at Ida Grove by Mr. Henry Crane of 
the town just mentioned. It has the cataiog number B140. 
rfhis tusk is between four and five feet in length, and is about 
four inches in diameter. If is rather slender. and considerably 
curved. It appears to be quite probably the tusk of an ele-
phant . . . 
126. Red Oak, Montgomery County.-In the collection of 
the Iowa Historical Department is a lower right· second true 
molar, No. B264, which is labeled as having been found in the 
vicil1ity of Red Oak and presented by William Boll and Son. It 
is much worn and probably belongs to Elephas columbi . 
. 127. · 'Near Hartford, Warren County.~Prof. John L. Til-
ton, of Simpson College, reports (Pleistocene -Deposits in War- ' 
r:en County, ' Iowa, ~91l, p. 26) that a bone of some mammal 
'had been found in digging ' a well in section 20, township 77 
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north, range 22 west (Richland townsbJ.p). With it were. sticks 
which seem to have been burnt and pa,rtly· converted into 'char-
. coal. I 
128. Near Liberty Center, Wtf,rren County.-In the publi-
cation just, mentioped, page 27, Professor Tilton states that in . 
section 19, township 74 north, range 23 west (Liberty town- . 
ship) ]\fr. Georg~ Leeper had, in digging a well, come across 
a, thigh bone three 'f.eet or more in length and a rib. . These 
were in the Aftonian and belonged quite certainly to some spe-
eies of proboscidean . . 
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THE MAMMALS OF THE PLEISTOCENE 
• < • 
The rleistbcene ·vertebrates knoWn to have . lived in Iowa be-
long almost wholly to the class known a~ Mammalia. There 
were living within the limits· of Iowa, without doubt, dllring the 
whole of Pleistocene times, also numerous freshwater fishes, 
amphibians, reptiies, and birds. The hard parts of many of 
these, we may be sure, were covered up in the deposits laid down 
during interglacial times here and there over the state and even 
during glacial times in deposits left in lakes and rivers; but, for 
many reasons they ar·e not collected. The bones of the smaller 
apimals do not attract as much attention as do those of ele-
phants, mastodons,. horses, and bisons. The earth in which the 
bones are buried, · not being consolidated into a firm rock, 
crumbles in being disturbed and permits the : skeleton to fall 
apart. The bones themselves ~re often n()t well mineralized 
and break up readily. "When, on ·the other hand, a fish skeleton, 
for example, is enclosed iI). a hard rock, the l·atter is likely .to 
split in such a way as to reveal the skeleton .with all its bones 
firmly retained in the position whicl;1 they had when buried. 
Nevertheless, we may expect in time to secure specimens even 
of the fishes, amphibians, reptiles, and birds. Some of the 
Pleistocene clays are · compact and stratified, so that they will 
split ·into layers; and in such clays there will yet be fo:und, no 
doubt, remains of the skeletons of many animals. Inasmuch as 
such delicate objects as the shells of snails occur in abundance 
in the loess, there appears to be r.o reason why the skeletons of 
snakes and lizards, and land-inhabiting tortoises also ~hould not 
have been preserved there. In old filled-up ponds and small 
lakes that existed on the surfaces. of the various sheets of drift 
and in ancient lagoons along buried river channels, there ought 
to be found the bones· of many yet existing species of vertebrates 
and of others that have become extinct. 
.. 
" 
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From an old dried-up lake in Oregon Dr. R. W. Shufeldt has 
, described the remains of many species of water-birds. ' Remark-
ably few such things have up to the present been discovered in 
Iowa. In some of the regions in I9wa where limestone occurs 
there may yet be found caves in which the 90nes of various 
, vertebrate's may occur. Prof. J. E. Todd mentions in one of his 
papers (Proc. Iowa Acad. Sci., Vol. VI, p. 124) the fact that the 
'bopes of a tortoise of some kind' were once found at Sioux City.; 
and Prof. B. Shimek states (Bull: Geol. S6c. Amer.; Vol. XXI, 
1909, p. 131) that a vertebra of a small fisp. was collected from 
fine sand in the Elliott pit at Turin, Monona county. 
Class MAMMALIA. 
The Mammals. 
The Mammalia get their name from the fact that' the females 
of , all the species possess organs for the production of milk for 
the nourishment of the young. The mammals may be recognized 
from the fact that they, and they only, possess a more or less 
complete covering of hair. There are many other features which 
characterize the group, but it 'is unnecessary to enumerate them 
here. 
, The Mammalia are divided into a few groups called Super-
orders 'and these again into Orders. Only a few of these orders 
are represented by remains which have up to thi!) time been 
found in Iowa. 'An order which is represented in the existing 
fauna, but no species of which have yet been discovered in Pleis-
tocene deposits in Iowa, is that known as the 'Marsupialia and 
whie'h contains such animals as the Kangaroos and Opossums. 
The: opossums belong to the family Didelphidre. This family is 
represented in the present fauna of Iowa by the small animal 
known as 'the 'Virginia Opossum. We cannot doubt that this 
species was present during at least some part of the Pleistocene 
peri~d. Many years 'ago a fragment of the lower jaw of this 
opossum was found near Charleston, South Carolina, and de-
scribed by Joseph Leidy. Dunng Oligocene times there existed 
in North America several species of this genus; but none have 
,yet been found in the Miocene 01' Pliocene formations. ' ' 
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It may be e~pected that ,cave deposits will yet yield evidences 
of Iowa P~eistocene opossums, . 
The opossum may be 'recognized by the fact that the jaws, the 
parts most likely tQ be found, ' contain a greater number of in:-
cisor teeth than any other mammal likely to occur within the ' 
limits of the state, In other mammals there are not more than 
three incisors on each side of each jaw; that is, there may be 
six in each jaw, In the opossum there are five on each side of 
the upper jaw, ten in all, andforir on each side of the lower jaw, 
eight in all. ' The dental formula «< of the opossums is: . 
it, c t, pm -i, m !-. \ 
Standing higher in the scale among the Verlebrata than the 
Marsupialia is , the superprder of Edentata,-toothlessanimals. 
These animals were represented in Iowa during the Pleistocene, 
but no member of it is known to have existed there during the 
' Rece~t epoch. 
Superorder EDENTATA. 
The Slothlike' and the Armadillo-like ManllnaJs. 
For this superorder the name Edentata is more commonly 
employed, but the term Bruta is sometimes used. In the fauna 
of, the present world the order is represented by the sloths, ant-
eaters, and'armadillosof Sou,th America, Some species of arma-
dillos extend ' their range as far north as Texas.' In Asia and' 
Africa are other genera which differ so much from the New 
World foms that they are by many authors regarded as repre-
senting a separate group, the Pholidota~ We need not here 
tro:uble ourselves about them. To the New Wo:fld division there ' 
is often given also the name Xenarthra. 
The, Edentata' may be , defined as claw-bearing animals, with' 
the body covered with hair or horny scales or bony plates, 'and 
having the teeth either missing entirely or few in number and 
in a low stage of development. ' The: teeth are, ' when present, 
column-like in form and without roots; and they continue to 'in-
·Perhap~ it may be weH, at the beginning of the descriptions, to explain the 
'meaning of the above dental ,formula. ' The .letter I, In this and all succeeding 
tooth formulas, means Incisor tooth, and, similarly, c means canine tooth, ' pm 
.means premolar tooth, m means molar tooth. Th,e ,fIgures following each letter 
show the number of teeth Of that kind on each side of the upper and lower jaws. 
Thus I 5/ 4 means that there are fIve incisors on eacli side of the upper jaw and four 
on each side of the lower jaw. 
, ' .)-
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,crea'se in length at the base as they are worn away at the sum- ' 
mit, having a persistent pulp. These teeth have no e:namel, but 
are composed principally of dentine, although often there is a 
layer of cement. The dentine of the interi~r is less dense an,d 
softer and wears away more rapidly than the very hard outer 
layer, so that the borders of the worn surface present something 
like cutting edges. 
As to their mode of life, the living New World forms vary 
greatly. The sloths live among the branches of trees, hanging 
by means of their great claws with the back downward, and de-
vouring the foliage. The armadillos are burrowing animals 
that live on roots, worms, insects, and carrion. ' The ant-eaters 
of the New World include some terrestrial and some arboreal 
species, and they all nourish themselves on insects. 
During Tertiary times there existed in South America an 
enormous number of genera of this group Edentata, or Xenar- . 
thra. During the Pliocene and Pleistocene epochs some of these 
migrated into North America and spread over the larger part 
of the United States. It must be said, however, that representa-
tives 'of the .Edentata appear to have existed in North America as 
. far back as the middle Eocene aIfd probably yet in the Middle 
Miocene. To this group Prof. H. F. Osborn refers the genus 
Metacheiromys, of the Br:idger beds of Wyoming. It-is probable 
that the group became extinct in North America before the in-
vasion on the part of South American forms, in PleistoceI?-e 
times. 
The New World Edentata have been divided into what may be 
regarded as two orders, the Pilosa) or hairy Edentates, and the 
Loricata, or armored Edentates. Inasmuch as none of the ,latter 
are known to have occurred within or near the limits of Iowa, 
it will n t be necessary to consider further the differences be-
tween the two orders. It suffices to say that the Loricata in-
clude the armadillos and the extind glyptodons, while the Pilosa 
'include the sloths and ant-eaters. These are again sub-divided 
into 't~o divisions, which may be regarded as superfamilies) the 
Gravigraqa, the extinct ground-sloths, and the Tardigrada, the 
tree-sloths. We must' deal with the Gravigrada ,only, for the 
Tardigrada probably never existed within the limits of Iow;a. 
THE GROUND-SLOTHS lij[i 
The map shown as Plate II :indicates the localities in the 
Unit\'ld States where fossil remain~ of Edentitta have been fo.u~d. 
It also shows the distribution of the various drift sheets. It 
will be observed that nearly all th~" loc'alitie~ lie so~thward of 
the border of the Wisconsin drift sheet. Only th~ee sp~cimens 
have been found in deposits ove,rlying the Wisconsin drift apd 
these thr~e b~long to Megalonyx), probably M. jetfersonii. T,wo 
of these localities are in Ohio, one in Illinois. 
Superfamily GRAVI~RADA. 
The Ground, sloths. 
The Gravigrada may be defined as Edentata having usually a 
heavilY' built skeleton and a relatively small skull; size small to 
medium in early. Tertiary forms, large in those of the Pleisto-
cene; the number of presacral vertebrre varying from twenty-
six to thirty-two; ,the posterior dorsals ,and the lumbars fur-
nished with pairs of articular processes in addition to those 0f, 
the anterior vertebrre; the skull ekngated and low, nearly cylin-
drical, with the part in front of the orbits s:p.ort; the zygomatic' 
arches sometimes complete, sometimes with a gap between the 
jugal and the squamosal; the jugal usually with , a strong de-
scending process; the lower jaw with broad ,ascending and hori-
zontal rami; the upper teeth five or four on each, side, lower 
teeth four or three on each side, (l ort) ; the radius and ulna not , 
coossified, tibia and fibula somethnes coossified at the extremi-
tIes; the digits five in each foot in front and behind, or only four 
,behind, clawed; the tail usually large; the habits herbivorous. , 
Under, the superfamily Gravigrada are included three fam-
ilies, the Megalonychidre, ' the Megatheriidre; and ' the Mylodon-
tidre: So far, ' no remains representing the second ' of these' 
families have been found in Iowa, although 'some bones of the 
Megatherium 'Were once 'reported 'by Richard'Harlan from Ph~is~ 
tocene deposits, ,in Benton county, Missouri.' , They are said' to !';: 
p.ave been 'mingled with bones of Mylodon, ox, deer, 'and 'elk. It r 
is possible, therefore, that remains of this animal will' 'Yet be ' , 
discovered in Iowa; , ., .. ,": _ 
, .. " , 
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Family' Megalonycbidae. , , 
Ground-sloths of small to large size; with a long and cylin-
drical skull, more or less constricted behind the o~bits. Teeth, 
five ~bove, four below (!). ' ill section the teeth are four-sided 
or , elliptical, :wmetimes slightly triangular; never lobat.e in 
section, that is, with none of the sides co;ncave; the anterior up-
pet one on each side more ' or less distant from the' second; 
hinder one not- differing greatly from the others in size. Fo're ,-
and usually hind feet with five digits, the median ones most . 
strongly developed, all furnishe<i with claws. 
Genera belonging to this family are known from the Santa 
Cruz beds of the older Tertiary, of South America. Descrip-
tions and numerous illustratIons of these may be fOUIid in Prof. 
W. , B. Scott's Mammalia of the Santa Cruz beds. In North 
America the family is represented by Megalonyx and Moro-
therium. Some scanty remains belonging apparently to. M ega-
lonyx jeffersonii have 'been discovered in Iowa, and doubtless 
others will be 'found hereafter. For this reason this species is 
here described with some detail. 
Genus ME GAL ONYX Thomas Jeffer,gon, ' 
Large North American Pliocene ' and Pleistocene ground-
sloths, with teeth i ' on each side, the anterior of both the 
upper and the lower jaws considerably in front of the suc-
ceeding one, and much larger. The four hinder molars roughly 
qp.adrate or triangular in' section, with rounded angles and 
,straight or convex sides, not fluted. 
This genus' was proposed by President Thomas Jefferson in 
,1799, on. parts of a skeleton including some claws that had been 
- ¥ found , in a cave '-in Greenbrier county, West Virginia. From ' 
the .form of the claws he concluded the animal was carnivorous. 
This: idea was · abandoned, however, when the close relation-
ships of' the animal to the tree-sloths, of South America,. be-
came established. 
Of this genus, nine species have been described -from the 
Pleistocene and one from the Pliocene. In a cave near Port 
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Kennedy, Pennsylvania, ' four species have been found, repre-
sented by parts of at least ninety-five iI),dividuals, , 
As will be observed from' a study of: the ,:map (PI. II) the 
,genus Megalonyx had a wide distrib~tion during the Pleisto-
cene. It is represented in th~ following states: Pennsylvania 
(17, 41) ; West Virginia (1) .; Virginia (15); Flo~'ida (19) '; Ala-
b.ama (6); Mississippi (5); Tennessee (2, 4) ; Kentucky (7, 3); 
' Ohio (14, 57) ; Indiana (39); illino,is '(18; 47) ; Io~a (21, 25, 51, 
52, 56); Missouri (54); Texas (12, '46); Kansa's (i6, '22)'; Ne-
braska (49) ,; South Dakota (50); California (33,34, :44, 55?). 
Megalonyx jeffersonii Desmarest. 
J efferso,n 's Me'galonyx. 
Although Jefferson gave the generic 'name to this animal, he 
,did not bestow the specific. name, This was done in 1822 by 
De§)marest, who assigned the fossil remains to the genus Mega-
therium and, in honor of President Jefferson, named it Mega-
therium jeffersonii. 
Jefferson ha d in 'his possession only a part of , a . femur, a 
radius, ari. ulna, ·three claws and a few other foot bones. Since 
his time portions of . the animal have been ' found in various 
parts of the country, from Big ~one Cave, Van Buren county, 
Tennessee; Memphis, Tennessee; Big Bone Lick and Hender-
son, Kentucky j Natchez, Missis:;ippi; Tuscumbia, Ala b~ma; 
Wythe county, Virginia; Peace creek" Florida; Holmes county, 
Ohio; Evansville, Indiana j Galena and. Urbana" Illinoi~-; . Du-
buque and Mills county, Iowa; McPhers,on , and Clark (or 
Meade) counties, Kansas; Huerfrino county, Colorado;. Iberia 
~arish, Louisiana; and Hardin county, Texas. Inasmuch as 
the finds have often consisted of meage.r remains, a single tooth 
or' claw, or little more, it ml;ty ,be that some of them belong to ' 
some of the other species of the genus. ,:. , .' ,. . 
Our knowledge of thi!:3 animal depends principally on , sp~ci­
mens found near Henderson, Kel1tucky, and in Holmes cohnty, 
Qhio. , Neither of these , lots ' of bones furnishes: a complete 
skeleton, but, to. a cpn'siderable degree they 8uppfement each 
'other and between them 'f'!lrriish 'us :wi.'th the gr'eater part ~oI the 
. fram'ework. Bones ,'aria. teeth found in other ' lo'caliti~s; 'either 
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.' singly or a few together have contributed toward an· under-
standing of the animal. . 
Henderson is . sItuated on the Kentucky side of Ohio river 
' about 14 miles in' a direct line south of Evansville, Indiana. 
The Kentucky side of the valley is undoubtedly filled with gla-
cial depo'sits like those on the Indiana side, and the 'bone bed , 
is, as stated by D. D. Owen in a letter to Leidy (Smithson. 
Oontrib. Knowl., VII, art. V, p. 7), only abo,ut five or six feet 
· below th~ ordinary low stage of- water: ' 
Some 'remains of thi's species were con~cted long ago by Mr. 
Francis' A. Linke, in the banks of Ohio river, near the mouth 
of Pigeon creek, a mile or two below Evansville, Indiana. The 
materials were reported by Dr. Joseph Leidy, in the Proceed-
ings of the Academy of Natural Sciences, in 1854, page 199. 
Th.ey consisted of the shafts of two tibire of a young individual, 
,an axis, a piece of a calcaneum, one metacarpal, one metatarsal 
and one claw phalanx. In the same deposits were found what 
were regarded as parts of possibly American bison (Bison 
bison) ; the white-tailed deer (Odocoile~ts virginiaJnus); an ex-
tinct 1'!-orse (E quus complicat~~s); the extinct tapir (Tapirus 
haysii); and a wolf (Canis dirus). 
An ,examination of the map of this region given by Leverett 
(Monog. XXXVIII, U. S: Geol. Surv., p~s. vi and viii) will show 
, that. the Ohio valley at this point is occupied by- glacial terraces 
· that are · older than the Wisconsin glacial stage . . ·This seems to 
· be 'confirmed by the occurrence there ,of the fossil horse, the 
tapir, a.nd the w0lf. The bison may belong to some extinct spe-
cies, rather than the· living species, Bison bison. 
From'the bone bed at Henderson Owen collected many horns 
and bones of the deer. All these 'remains found at both places 
may be 'regarded provisionally as belonging 1'0 the Sangamon 
interglacial stage . 
. r Tlie partial skeleton found in Holmes county, Ohio, was dis-
, covered on the farm of Mr. Drushell,' about six miles east and 
a ' little 'north' of Millersburg. According to ' Clayj>ole, who de-
scribed these ' remains, they were' lying on a :laye'r of 'shell marl 
arid this: was , overlai~ by six feet of p·eat.' The ter:minal mo-
. , -. " 
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raine of Jthe Wisconsin drift-sheet runs through the county in 
an east by northeast direction, 'and it had led to the formation 
of a small lake north of it, which finally became a swamp filled 
'up with pe~t. By some means the megalonyx had left his re-
mains in the lake after the formation of the shell marl and be-
fore the growth of the peat. It is evident therefore that this 
sloth existed after ,the r.etirement of the Wisconsin drift-sheet, 
and long enough after it for the ,ulimate to become warm enough 
to permit this animal to wander into Ohio. ,This post-Wiscon-
sin existence of the megalonyx is, in a measure, c(;mfirmed by 
the finding of a claw near Urbana, Illinois, on ,early Wisconsin 
drift. , Quite recently many bones of this species have been se-
cured in a tamarack swamp in Huron county, Ohio. , This swamp 
overlies Wisconsin drift. , 
That the megalonyx existed during late Pleistocene times or 
even within the Recent period appears, to be demonstrated by 
the discovery of its bones in a dry cave in Van Buren county., 
Temiessee, to which bon~s ' there were yet attached remnants 
of articular cartilage; and even the horny' sheath of a claw yet 
remained. 
The partial skeleton ' dlscovered, at Henderson, Kentucky, 'is 
now in the collection of the State University, at Bloomington, 
Indiana, where the wr~ter' has examined it. It was studied and 
described by Joseph Leidy in 1855, as cited above. Leidy's 
treatise took into consideration all the materials known to him, 
and was beautifully illustrated 'with sixteen finely engraved 
plates. From these plates some of the illustrations here used 
have been prepared. It is not certain that the bones found at 
Hender-son, all belong to the same individual, for they were 
picke&-at various times and from year to year. Leidy thus 
enumerates the bones': , 
:~~ ~ :A Ii'early entire skull and lower jaw; the atlas, axis, and 
'3 other cervical' veryebrre; 2 dorsals, one sacral, a:nd 2 
, ,'caud,al' ;vertebrre; both clavicles; the glenoid articulation of 
the right scapula; the left hum~rus; the articular eXtremi-
o ties of the right ulna and those of both radii; 5 carpal 
bones; 4 metacarpals; 11 phalanges of the , fore '~ feet; 
fragments of several ribs; one sternal bone; both thighs, 
broken; both patellre; 0 both tibire; 7 tarsal bones 0; 5 meta-
tarsals; and 5 phalanges of the hind feet. 
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The Millersburg, Ohio, speciinen was described by Prof. E. 
W. Claypole (Amer. Geologist, Veil. VII, pp. 122-132; 149-153), 
but no figures were given. He gave the following list of bones 
secured: 
3' teeth, 1 hyoid, 3 lumbar vertebrre, 1 caudal, probably 1 
broken cervical; 3 ribs and some pieces; 1 clavicle; 1 ra-
dius, both femora, 1 tibia, both fibuIre, both patellre, both 
calcanea, 22 carpals and tarsals, 5 metacarpals and meta-
tarsals, 20 phalanges, including 11 claws. 
, Flg~·. l. " · MegalonYx "eff~r;onii. Based' mosti.tJ · on a speCimen in' the State 'University 
_,: :'~. c'. ~ Of. ?h,io:,and .ano~her ~n . t?e State nlverslty of Indl~n~ X 1/25. ' / 
.' ~ I.: . 
t 
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A comparison of the two lists shows that many bones are 
represented in neither of these I:lkeletons OJ;' 'only partially rep-
resented. Many vertebrre are' missing, including the sacrum; 
few ribs have been secured; the pelvis is present in neither and 
besides is quite unkriown, except that Harlan, in 1835, described 
an ilium from a cave in Tennessee, N either of the two speci-
mens mentioned offers a complete scapula; the humerus , is 
represented in the Henderson specimen by a bone without the 
epiphyses. 
The Henderson specimen is mounted without reFltoration of 
missing parts. The Millersburg specimen, now in the depart-
Fig, 2. M egalonyx j etrerson ii. Skull of specimen In Indiana University. seen from 
the left side. X~. 
ment of geology, in the University of Ohio, at Columbus, has 
the 'missing' parts represented in plaster, following probably 
Myl~don, where riot known in Megalonyx,. The work was done 
by the Ward Establishment, Rochester, New York, and the ar-
tificial parts have been made to resemble so closely the bones, 
that it is very difficult in some ca~es to distinguish the real and 
the fictitious. A ' figure of the specimen was published by '08-
,born in his Age ' of Mammals, page 465. A line drawing 'of the 
animal is here presented (Fig. l)"based on a photograph taken 
,l?y; the. writer . . It ~s impracticable to indicate the pads that, a.re , 
restor,ed artificially, and the drawing may be taken as .repre-
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senting the general form of the animal, and, for. the most part, 
of its elements, as determined from .all known materials. 
The total length of the specimen as mounted, i:o. the Univer-
sity of Ohio, is 3510 mm. '*' (eleven feet, six inches). The. height 
of the sacral region, from the floor, is 1500 mm. (four feet, 
eleven inches); and this is likewise the length of the fore and 
of the hinder limbs, following the front of the bones. The de-
scription of the more important portions ' of the skeleton will 
be taken from both skeletons and from other known materials. 
Figures are presented of the ' skull of the Henderson speci-
men, prepared ff-om those made for Leidy. Figure 2 shows the 
skull from the left side. It is nearly ' complete, 'but the malar' 
. bones are gone and likewise ' the pterygoid · processes. The 
lower jaw is mostly present. The teeth of the upper jaw are 
all present, -except the second of the left .side and the fifth one 
of the right side ~ As will be seen {rom figures 2-4, the skull is 
long, low, and, leaving out of view the zygomatic arches, nar-
row. The an~erior region ~s higher than . the brain-case. The 
upper border is pearly straight. ' The rear fQrms .nearly.a semi-
circle whose cente:r; is just below the upper border of ~he fora-
men magnum.. rhe length from front of the fitst tooth . to the 
rear of the-occipital condyles, is 355 mm.; from the hard palate 
to the highest. part of the. snout, ·is 152 mm.; breadth at the 
rear of the orbits, 125 mm. The orbits are shallow and are in-
dicated above and in front by a high ridge ascending from the 
root of the malar process, behind by a slight rid~e' which sepa-
rates it from the rough temporal .fossa. In front of the malar 
process on each side is a groove which extends downward on 
the sides ' of the upper jaw between the first and second teeth. 
It wil] be observed that the part of the fa~e in Iront of the . orbit 
is extremely short, .and it narrows. to~ards the n~sal opep.ings. 
The anterior nares (PI. III, fig. 2) form a very large ,opening, 
about 75 mm. i:Q diameter . 
. In front of the hinder roots of the 'Zygomatic arches the "skull 
is constricted. The rear of',,the skull slopes , downward to the 
occipital ·condyles . . There , is a lo~ but well-defined sagittal 
. . 
-The letters mm. in this work are the abbreviations' for millimeters, One 
!Tlillimeter.=O.q394 inch, or nearly . ~ne-twenty:-fifth inch. • . I 
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crest; whereas, in Mylodo~ there is. a 1:):road .smooth surface be-
tween the two temporal fossre. 
As shown by the skull of another species, Megalonyx leidyi, 
found in Kansas, .and described by Dr. Josua Lindahl (Trans. 
Amer. Philos.Soc., Vol. XVII, pp. 1-10, pIs. i-v), (PI. III, fig. 
1), the zygomatic arch was complete. In the living sloths and 
in Mylodon there is a gap a bout its middle. In M. leidyi there 
runs downward and · .backward from the anterior . root a long 
process which would reach quite to the lower . border of the 
Fig. 3 Fig. 4 
Figs. 3, 4. Megalonyx j effersonii . Skull ' ot specimen in Indiana University. X%·. 
3. Skul! seen from above. 
4. Palatal view of skul! .. 
lower jaw at the middle of the latter . . Fr~ni the middle of lhe 
arch another ' shorter . process extends ~pward and backward. 
These ' processes 'offer(lid an extensive attachment for the 
muscles· which moved the lowe~ ja~. . .. . '. I 
On.the low~r surface' oi the. skull (Fig: 4) the~e '~re tope see~', . . 
behiIJ,d, t1?-e occip~tal condyles, various' operiing~ for nerV~s. a1).4. ,: 
bloodvess~~s, proce~s~s for I;r::msc1Els, the. a\ld,~fory 'p~oce!3ses, ~nq. 
~ 8 ' I • ,, : " • #:. J. ).. ' •• ~ 
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at the root of each zygomatic arcn the articulation for the lower 
jaw. This is about 28 mm. long and 50 mm. wide, the long diam-
.eter being directed outward and forward. The hard . palate be-
gins at the hinder border of the last 'molars. ,Here it . is about 
33 mm. wide and is still narrower between the third molars. 
Between the three hinder pairs of molars it is . convex and has 
the middle of its width a bout on a level with thEl worn surfaces 
of the teeth. Further forward it rises, flattens, and widens .to 
about 100 mm. just behind the anferiot teeth. Between the 
teeth just mentioned is a large anterior palatine foramen. 
Five teeth are found in each row above. Those 'of the an-
t.erior pair are considerably larger than the othetsand some-
Fig. 5 Fig, 6 
Figs, 5, . 6. Megalonyx jeffersonii, x'%!. After Leidy. 
5. Lower· right last molar. 
6. Sections of ·the teeth of the right side of the upper jaw, with the front 
tooth at the right hand. 
what canine-like. They extend high up , in the jaw to the root 
of the malar proce~s,having a length of 125 mm. and being 
strongly curved backward as they ascend. The section is ellip-
tical, with a swelling on the' inner face. The diameters are 38 
!p.m. and 19 mm. Between the teeth of this pair ,is a distance 
of 60 mm.; while between them and the second molars there is 
a spa~e nearly as great. ~i.gure 3, PI. nI, p~esents a vil;lw of 
,OJ;le of these teeth, ' together . with its grinding sllrface. This 
tooth was round near Natchez, Mississippi. The hinder four 
molars of each side are separat~dby only slight spaces. These 
teeth are like somewhat flattened pegs and have the s~me diam-
et~rs 'at ali levels. Figure 5 'taken from Leidy, presents a side 
yiew of the ' hinder tooth,' while figure 6, of two'-thirds the nat-
'ural 'size,sliows- the sectIons and positions of these te·eth. The 
" . 
l . 
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length of the row ' of four hinder teeth is 80 Illill. From the 
front of the first tooth to the rear of the fifth; is 172 mm. The 
triturating surface of each is worn so as to present a concavity 
surrounded by a border of harder dentine. . It is much worn to-
wards its hinder border. 
The premaxillaries ' (PI. III, fig. 2) are co~solidated with the 
maxilla, but not with each other on the midline. They meas- ' 
ure about 19 rom. in width anq50 mm. in height. 
The lower jaw (Figs. 2; 7) is high in front, much lower at 
the middle of its length; and it IS provided behind with three . 
processes. The length from front to extreme rear is 317 mm. 
The height of the symphysis is 105 rom., and this · symphysis is 
directed strongly downward anc. somew.hat backward. 'The 
beight. ot the bone a little behind the anterior tooth is 100 mm.; 
at the third tooth, 90 mm.; at the coronoid process, 158 mm.; at 
the condyle, 105 mm. The outer face of the body of . the bone 
~ FIg. 7 FIg'. 8 
FIgs. 7, 8. MegaZonyx jeffersonii. After LeIdy. 
7. Lower jaw seen from above: X"". . 
8. Sections of second and fourth lower molal's. X% .. 
. . 
is convex, the inner face, flat. In theuppe,r border 'were placed 
the four peglike teeth, of which only the second and fourth 
are' present. Between the first and the seconq is ' a space of 42 
mm. At the rea'r of the jaw is the strong angular process. The 
'condyles for articulation with the skull, are about 50 rom. from. 
side to side. . The 'alveolus ' for the first ' {ooth has . a depth of 
. about . 88 mm. and its diameter shows that this tooth was of a 
size fully as large as the, correspollding upper tooth., It was di-
rected upward; forward, and outward. The l~st three teeth 
formed a row about 75 mm. long. The second and fourth teeth 
. measured in cross seCtions 18 m·m. · from front to back; . 24 mm. 
from side to side (Fig; 8) . . These sections are quadrate With 
rounded' angles 'and somewhat' convex sides. The worn face 'of 
ea.ch is concave, surround'ed bya 's.harp border, 'which bounds a 
y~lley running :soriiewhat obliqU'eljacrol3s the tooth. :: ' i , : 
I'll . .. 
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The hyoid bone is 'described and figured by LeidY: It is not 
present in either ' of the two .skeletons here described. It is a 
'V-shaped bone, which articulated to -the skull by its apex . . The 
length , of each arm is about · 65 mm. 
The cervical vertebrre, except the seventh, may be known 
from the fact that they are pierced' on each side by. an opening 
. for the vertebral artery.. The atlas is present in .the Hender-
son skeleton and was figured by Leidy in two positions. The 
greatest width is 170 ~.; the width of the lower arch, 32 mID.; 
-the width of the spinal canal, 43 mm. There is on each side a 
very tortuous canal for the verteqral artery. 
Leidy figured the axis. The body of the bone, with the odon-
toid process, is 88 mm. long'. On the lower surface of the short 
'and"obtuse odontoid,is a surface for union wit:q. the atlas. Be-
hind the anterior zygapophysis is seen the opening of the canal 
'for the vertebral artery: 
There are in the Henderson specimen three other cervical 
vertebrre; being, as Leidy thought, the third, the fifth, and the 
seventh. The fifth, measure'd from the lower surface of the 
body to the tip of the spine, is about 140 mID.; the seventh, 
about 175 mID. An anterior vel'tebra has the hinder end of 
the body transversely elliptical and with ~ameters of 38 and 
50 mm." A posterior dorsal has the hinder end of the body 75 
Ibm. high and 88 mID. wide. 
Leidy described a part of a sa<!rum to which he had access. 
In the Henderson specimen there is present the last of the five 
sacrals. ,The body measures from side ~o side, 85 mm:; up anq 
-down~ over 50 mID.; from the extremity of one lateral process 
to t4at of the other, is 260 mm. These processes extend out-
ward and backward, and are rough on their front border for 
union with the processes of the preceding ·'sacral. Ther'~' are 
. " ~) " . ., ~ ~ 
two' caudals' present. ' 
. In the skeleton at Columbus the writer recognized one actual 
,rib, but Claypole stated that there were three of them. A rib 
in the Henderson specimen has a ·width of 46 mID. and a thick-
!ness of '26 mm . . H,arl~n described what he regarded -as one of 
the anterior false ,ribs, and this had a lEtngtl;1 of twenty-nine 
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inches. It is remarkable that a 'greater number of such thick 
'and strong ribs has ~ot 'been preserved. 
Neither scapula is present ' in the Millersburg, Ohio, speci-
men; and in the Henderson specimen there is present only the 
region about the glenoid cavity of one scapula. Leidy figures 
the articular region of a scapula that was found in the vicinity 
-of Natchez, Mississippi. This figure, reproduced here (Fig. 9), 
shows the glenoid cavity, which measured 83 mm. in length and 
60 mm. in width. It shows also that there was an arch of bone 
,that connected the acromion process with the coracoid process 
of the scapula. Furthermore, the anterior border of the scap-
ula sent forward a process that joined the coracoid process so 
,as to form a foramen in the front portion of the bone. These 
structures are found in some of the now living ,sloths. 
Richard Harlan figured a scapula of ' Megalonyx which had 
been found in a cave in Tennessee .(Med. and Phys. Res., pI. 
\ 
Fig, 9 Fig . 11 Fig. 10 
Figs. 9, 10, 11. Megalonyx jeffersonti. , . 
9. Articular end of left scapula., X~. After Leidy. 
10. , Left ,humerus from front. X 1/6. , After Leidy. 
U. Section. 'across ' lef't 'humer\is at middle of length; X'h '. The 'front ot 
this bone , Is abov,e; the radial border, 
, towai-a -the> left. ' . 
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;xiii, fig. 12). In this b9p.e the acromion had no con:n~ction with 
the coracoid, but this was probably due to the youth 'of the ani-
mal. The distance from the glenoid cavity to the middle of 'the 
suprascapular bQrder was about '310 mm. 
Both clayicles are .present in the Henderson specimen; only 
.one in that .from Millersburg. This 'bone ' in the former speci-
men ha~ a length of 220 mm.,ap.d a width of 70 rom. It is a oom-
pressed bone" with one surface eonvex lengthwise; the other, 
concave. Th~ ep.d that joined the sternum is larger and pre-
'sents an articular head. ' 
, , 
Both humeri are lacking in the Ohio specimen and the right 
one in that from Henderson. The left one of this specimen 
was figured by Leidy, and his figure has furnished the one pre-
sented here (Fig. 10). The bone is large, with a nearly 
cylindrical shaft and a 'greatly expanded lower end. The total 
.length is , 52.0 rom. '; the greatest diameter .of the head, fore and 
aft, 100 mm.; the oth~r diameter, 85 mm. The two tuberosities 
are of about the same size and are placed one on each side of ' 
the front of the head. The bicipital groove is shallow. The 
shaft· is slightly flattened in front. At the' middle of the length 
of the bone the diameter, from side to side, is 85 mm.; from 
front to r ear, 62 mm. Figure 11 gives ,a section at this part. 
I • 
The expanded lower end of the bone measures 258 rom. across 
the ,epieondyles, ' The illI).er- epicondyle .projects farther beyond 
the corresponding trochlea, than does the outer epicondyle be-
YOIfd ;the trochlear surface for the radius. , At the upper part 
of its base is theentepicondylal' foramen. The border which 
aseends from the outer epicondyle is convex. The hinder face 
of this lower end is slightly concave, and there is a shallow de-
pression for the anconeal process of the ulna. The articular 
surface for the radius is much larger than that for the uln~. 
I 
Figure 12, after Leidy, represents a front view of the left , 
radius 'and ulna. The figure is based on bones that ~ere ~n the 
collection' made by J efferson~ The -eXtreme length o~ the ulna 
i~ a ~traight line is given as 20 inches, 500 ~m. The breadth 
of the bone, from th~ su~mit of the coronoid proces~ to 'the op-
po.site ,side, was ,100 mm:; 'the :'brel;!.d.th; at ,the .. middle of the 
shaft, 75 ,rom. i-that at 'the"diStaI'.ena.; "75 min.!. At the upper 
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end are, concave articlJiar surfaces for the humerus and the 
radius. The 'distal-end a.rticulated at the side with the radius, 
~nd 'at the extremity 'with the cuneiform. Neither ulna was 
present in the Millersburg specimen. The radius which Leidy' 
described and figured was 17:56 inches (445 J;Ilm.) long; the 
greatest breadth at the distal end was 89 mm. ; at the middle 
of the shaft, 81 mm. This bone is present in the right arm 
of the Millersburg skeleton, and it is considerably larger than 
that of the J effetson specimen, having a length of 520 mm. '; 
diameter of the head, 65 mm.; wi(lth at the middle of th~ shaft, 
87 mm.; thickness at this point, 35 mm.; width, near the distal 
end, 112 mm. The upper end , is cup-shaped for articulation 
with the humerus, and on the rim of this is a smooth surface 
for the notch in the humerus. At the distal end the bone ar-
ticulated with the scaphoid and the lunar. The palmar bce 
of the , bone is concave on the 'upper half, flat on the lower por-
tion. The opposite face is convex, there being a ridge that 
runs the whole length of the bOlle, at the middle of the sur-
face . The border which was directed toward the ulna is thin; 
the outer border is thick and 'rounded. The skeleton found at 
Henderson furnished only the articular extremities of the right 
ulna and those of both radii. 
For " the description of the bones of the wrist, the ' reader 
may consult Dr. Leidy's monograph which has alre;;tdy been 
cited. 
In the Henderson specimen there were present the metacar-
pals of the second and third digits of the left arm, and the third 
and fourth of the right. None of his ' specimens furnished the 
first metacarpal. , This is represented on the right arm of the 
restoration 'of the Millersburg sk01eton and appears to' be act-
ual bone. Its length and its breadth are equal, each' be~g 46 
mm. The second 'mefacarpal in the Henderson s~eleton is 95 
mm: long and 44 mm. wide. ' 'Its distal end has'" a p1'9minent 
,vertical median ridge which ,fitted into a , corresponding groove 
on the proximal end of the first phalange. The third metacarpal 
l).~s a length of 100 mm." and the .shaft 'is 38 mm. wide. The·dis-
tal !'lnd has a -vertical articular ridge ' like that ,of the second 
d~git. 
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The fourth ,metacarpal is the -largest of all, having a length 
of ~~5:rp.m. Its- distal end has the usual vertical · ridge. The 
fifth metacarpal .is not present in the Henderson specimen, but 
it is found in the Millersbllrg sktileton. It has a .length of 120 
mm . . and a with of 26 mm. at the middle of the shaft . . Leidy 
gives a · figure of one of these bones which was ·in the Jefferson 
collection. The· distal en4 presents an obtuse vertical ·ridge. 
Fig. 12 Fig. 14 Fig. 16,. Fig. 15 
Figs. 12~16 . Megalonylc jeffersonii. 
12. Left radius and ulna seen from' in front. X 1/ 6. · After Leidy. 
13. Terminal phalange of third digit at middle of length, seen from the side 
X'f.,. From Leidy. . 
14. Same phalange seen from above. Xl;-2. From Leidy. 
15; . Section across ,terminal phalange 'of third digit at middle of the length. X'f.,. 
16. Section across terminal ~ha!ange of seco~d digit at :mlddle of , length. X'f., . 
• I If 
The· phalanges of the first :vow, . so far as known, a:re, short ,thick 
bones, vf!.rying in.)ength, from- , 39 ,mID • • in,.. the . second digit, to 
a bout 41 mID: in the .fourth. As mopnte.d, all t4.e first phalanges 
are p;rese.n,t i~ the. right hand of .the. Mill~rsburg . sp~c~1pen. ~I 
In ',the Henderson .specimeri. .. there ·were present the second . .. 
phalanges of the secend, : third', and fourtli .:digits . . Those, of 
digits three and four are present in the right hand of the . 
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'Millersburg specimen. The figures of the third digit here 
shown will giv.e an idea of these phalanges. That of the second 
digit has a length of 58 mm:; t~at of the thiTd digit 62 IDm.; 
that of digit four, 67 rom. The te:rminal phalanges are each 
modified .to support a horny claw. In the Henderson specimen 
all these phalanges were present, except that of the thumb; but 
a few are a~parently, now m~ssing. ~e~fY figures ~ thumb un-
gual phalange that belonged to the Jefferson collectIOn. It was , 
small in comparison with the others, being 88 mm. long. 
Leidy's figure appears to be only two-fifths the natural size. , 
Each terminal phalange consists of a compressed claw-core, 
with an upper convex border and a concave lower: face. From 
the tUber:osity which occupies the hindeT half or more of the 
lower face 'of, the bone, there rises and surrounds the hinder 
half of the claw-core a bony sheath which enclosed ~nd pro-
tected the base of the horny claw. This sheath is also attached 
to the base of the bone on the sides and above. The base of 
the phalange is occupied by an articular surface which consists 
of two veTtical grooves separated 'by a prominent ridge. Each 
gro.ove forms a vertical semicircle. The tuberosity on the un-
der side of the bone is pierced near its middle by a pair of 
foramina for bloodvessels. Figures ' 13 and 14, prepaTed from 
Leidy's drawings, present views of the terminal phalange of 
the t~rd digit. The greater part of the sheath of the claw had 
been broken away. Figures 5 and 6 of Plate III show the ap-
peaTance of a ' nearly perfect third ungual phalange which, was 
found near Qhampaign, Illinois, and is now in the collection of 
the 'Illinois State University. The length of the ungual pha-
lange of the second digit is given by Leidy as 150 mm.; its 
depth, 62 mm. The ungual phalange of the third digit is 178 
'mm. long; 81 mm. deep. The fourth ungual phalange, 144 IDm. 
long; 62 mm. deep. In the case of this phalange in the fifth 
digit the length is 62 IDm.; tlie height, 37 mm. The length of 
, the one found 'at Champaign was very close to 145 IDm.; the 
greatest depth, 65 Il?-m.; the !Vidth, 41 'mm. 
The core for the claw is, toward the base, obtuse on the ~p­
per bOTder, but, 'farther forward, it becomes rather acute. 
Figur~ ' 15 represents a section of the claw-process of the third 
digit, 'taken at'the middle of its length; while Figure 16 is a 
, . 
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section taken ,at the same place in the second digit. Further 
forward, in each the upper border becomes acute. 
The 'fore 'foot had a length ot nearly '300 mm. The , horny 
claws would doubtless have made the length fully that mucll 
or more. 
In order to ' illustrate still further. the structure of the fore 
, foot of Megalonyx,' there is presented here a figure (P.I. IV, fig. 
1) of the fore fqot ,of Hapalops longiceps, a species fOU)1d in the 
Santa ' Cruz Miocene beds of Patagonia. The figure is reduced 
from that presented by Prof. W. B. Scott ,(Mammalia of the 
Santa Cruz Beds, pI. xxxiii, fig. 2). It will be observed that in 
this figUre the metacarpal and the first phalange of the first 
digit are missing. Professor Scott regards the genus Hapalops 
as being closely related to Megalonyx. 
The pelvis of this animal ' is not yet well known. The last 
sacral bone has been mentioned above. Doctor Leidy seems to 
have had no part of the innominate bones for study. The pel-
vis was wholly lacking in the Henders<,>n specimen and likewise 
in that found at Millersburg. Harlan (Med. and Phys. Res., p. 
336, pI. xvi) mentions and figures an ilium that had been found 
in Big Bone Cave, Tennessee; but he gave little description of 
it and no measurements. The pelvis in the restoration of the 
Millersburg specimen has been 'modeled probably after that of 
Mylodon, as figured by Owen. In this animal (Fig. 37) the 
ilium stands out at nearly right angles with the veiteb~al col-
umn, like that of an elephant, thus making the basin very shal-
low. In the species descril~ed by Owen, Mylodon robustus, an 
animal about the size of Jefferson's megalonyx, the greatest 
breadth of the pelvis was three feet, five inches (1031 mm.). 
As in the elephants, the ' acetabulum, for articulation with the 
head of the femur, looked nearly directly downward, 
The fem~r of Megalonyx jeffe1'sonii, as that of other great 
ground-sloths, is a powerful bone. It is broad and fiat, with 
the head directed nearly upward. Both of the femora were res-
cued in the Henderson specimen, and both in that found at Mil-
lersburg. Figure 17 is taken from the illustration furnished 
by Leidy. He gives the length as 21.5 inches, 546 mm. The 
h~ad of the bone has' a diameter of 120 mm.; the breadth 
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across the middle of the 'shaft, is 180 mm.; and nere .'the thick-
ness ' is 62 mm. Figure· 18 represents a section at this place. 
The breadth of the lower end, across the articular surf.ace; is 260 
mm. 
Figs, 17-21. MegaZonya; jeffersonii. Femur. 
. 17. Left femur from behind. X 1/ 6. After Leidy. 
18. Section across left femur at middle of lengtn. X%. 
19. Left tibia, outer view. X 1/ 6. After Leidy. . 
20. Section of left tibia of Henderson specimen. X¥.o. The front of the bone 
is towart tho left. the outer borner Is belo~. . . 
21. PatelJa seen fror.l behind. X 1/6. After Leidy. 
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Th~ ,greater trochanter . does' not rise as high as -the ;. head .. -
On the · hinder ,face of this is a deep slitlike, pit. The lesser, 
trochanter is on the inner border of the · bone, about 75 mm. l>e-
. low the head. On the outer border there is a tuberosity which 
represents the third tro~hanter. At the lower end there are two 
smooth surfaces , for- articulation with t}le ' tibia; and between 
these, more on the front of the bone, a, smooth surface ,for the 
patella. 
Both of the tibire (Fig. '19) are preserved in the Henq.erson 
specimen; and the 'left one in the Millers burg specimen. . They 
are ~hort bones, wi~h relatively slender shaft and .mueh ex-
panded ends. Figure 20 presents a section of a tibia :o.f the 
Henderson specimen,:. taken across the bone at the middle of the 
length. The length :of the bonejs 310, rom., taken along ,the in-
ner border; but the gre~test length, taken obliquely, is, 370 rom. ; 
the greatest breadth at the upper· end is 205 rom.; the greatest 
breadth at the lower end, 150 mm. At the upper end ar~ articu-
latory surfaces for the femur, arid on the hinder face of the 
outer extension of the bone, a surface for the fibula. At the 
distal end there is .a surface 88 mm. wide for union with the as-
tragalus; and adjoining it on the other side, an oblique surface 
for the lower end of the fibula. The tibia of the Millersburg 
specimen is 40 mm. longer along tbe inner border than the same 
bone in the Henderson megl'J.lonyx. The lower end.is likewise 
wider, being about 180 mm.' . 
The patella (Fig. 21) is a triangular bo:o.e, 125 rom. long and 
100 inm. wide at the upper end. The broader end, on the hinder 
face, is occupied by a smooth surface for movement on the 
femur. The anterior face is convex and rough. 
The fibula is a relatively slender bone, articulating above 
with the tibia, and below with both the tibia and the astragalus. 
The bone is not present in the Henderson specimen, but both the 
right and the left are in the Millersburg skeleton. The bone in 
the middle of its length, stands out so as to leave a wide space 
between it and the tibia; but its enlarged lower end is ben,t in-. 
ward so ' as to join the t~bia by a. surface looking upward and in-
ward, and the astragalus' , by a l~rge surface . ;which. looks in-
ward. The bone is 350 mm. long; 87 mm. mde, fore an9. aft, at 
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the .upper end; 67 mm. tra;versely. · Where slenderest the two 
diameters of the shaft measure 31 rum. At the .lower end the 
fore and. aft diameter is 87 mm; 
Neither of the tarsi of the Henderson specimen· is ' cQmplete; 
the right foot presents . the astragalus, the calcaneum, the ex'" 
ternal cuneiform, and the cuboid; the left foot furnished the 
astragalus, the ' calcaneum, alid the navicular. Of the meta-
tarsals there remain tpe secondof' the left foot, and the fou:dh 
and fifth of both feet. 'Of the phalanges there are preserved -the' 
first and second of the third , digit. consolidated into a single 
bone, the claw phalange. of the same toe, the claw phalanges of 
either the ' second or fourth toe of both feet; and .the first pha-
lange of the last toe. 
~~ ~. ~~ 
Figs. 22-24. Megalonyx jeffersonili. 
22. Left heel-bone. outer view. Xl,I,. After Leidy. 
23. Section across ungual phalange of third digit at middle of length. ~%. 
24. A similar section across the second digit. X%. . . 
It will be impossiple here to ' descr~be all these ·bones.· The 
read~r 'will ltave to consult Leidy's monograph. 
Neither· are all the bones of the ankle and ,feet present in the 
Millersburg spechnen. . Both calcanea . are -represented, one . as-
tragalus, both· naviculars, all four of the bonef? Of the distal 
row of tarsals in the right foot, four .metacarpals, and . three 
unguaI" phalanges. On account of the manner of. restoration . of 
lost"bones ,and. parts of them,; it is sometimes d.ifficult to de<;!i,ae 
. between the real and the artificial. . . 
The extreme length. of the hind :foot, as shown· in the Mil~ers­
bprg specimen, is 670 mm., nearly twenty-seven · inch~s. :rh~ 
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presence of the internal cuneiform bone ' seems t:o indicate 'that 
the foot has been correctly restored with five digits. ' 
The most remarkable bon~ of the foot is the heel-bone, the 
c~lcaneUJll. Figure 22, taken from Leidy, gives a view of the 
one of the left side seen from th€ outside. The broad end is 
di'rected backward in the position . represented. This part is 
relatively thin. The a~teri9r end of. 'the bone is, thic~ened, and 
is furnished with two smooth surfaces, for articulation with the 
astragalus and a smaller one for union with the cuboid. 
The fifth metatarsal has a process standing directly out from 
its outer edge, and this proce'ss, more than half as ll?ng as t,he 
body of 'the bone, is also broader than the rest of the bone. ' 
It is possible that the fifth digit bad only, two phalang,es. The 
first was described by Leidy as a four-sided nodule which had 
a smooth surface for the second phalange. This phalange was 
not preserved. From a specimen found in a cave in northern 
Alabama Leidy figured all the metatarsals, except the first 
(Trans. ArneI'. Philos. Soc., Vol. XI, pI. vi, fig. 1). His fig-
ures are reproduced on plate IV, figure 3. 
, The claw phalanges seem to have resembled -closely those of 
the fore feet. Lei~y figures th~ one of the third, or median, 
, digit. The tip is missing. The length is given as eight and 
one-fourth inches (210 mm.) ;,the greatest depth, four' and one-
half inches (109 mm.). ,The phalange is therefore 35 mm. longer 
than the corresponding one of; the fore foot and proportion-
ally somewhat deeper. This phalange in the Millersburg speci-
men is ,230 mm, long, along the. upper curve, and the sheath at 
the base occupies nearly one-half of the length of the' bone, be-
ing 108 mm. long above. It is likewise 105 mm. high and 60 mm. 
thick, from side to side. Where the core of the claw emerges 
from the sheath, it is 70 mm. high and 25 mm. thick below. The 
upper border is obtuse posteriorly, but becomes more acute to-
wards the distal end. Figure 23 represents a section taken 
across the ungual phalange of th(\ ' thlrd digit at the middle of 
its length; while figure 24 shows a. section of the same phalange 
of the secon~ digit. . 
In order to e~ucidate more fully the structure o,f the hind foot 
of megalonyx, there is shown here (PI. IV, fig" 2) a figure of 
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the same member 'of the species ·Hapalo'ps longiceps; a species 
from the Santa Cruz h400C; of patagoma. This figure also is 
taken from Scott's work ')n 'Santa: Cruz Mammalia. See page 
122. In this specimen the internal cuneiform was missing; 
also the second and third phalanges of the fourth digit, and all 
of those of the fifth, and the outstanding process in the fifth 
metatarsal. 
As to the habits of these animals, it is certain thlLt, like the 
modern . sloths, . they de:voured vegetable matter, probably the 
foliage . of trees; but, their more powerful teeth doubtless en-
abled them to crush and eat likewise ~he smaller branches. 
Their weight made it impossible for them to climb trees, 
but they 'were probably able to pull down trees of considerable 
size and possibly, i,Q. case of need, to uproot them. 
PLACES IN IOWA WHERE THE GROUND-SLOTH, MEGALONYX, HAS 
BE¥JN FOUND. 
Scanty remains belonging to this genus have been found in a 
number of places in Iowa. 
In 1862 Prof. J. D. Whitney (Geol. Surv.' Wisconsin, Vol. I, 
• p. 135) reported having found bones and teeth of Megalonyx 
associated with a peccary in a fiat crevice in the Galena limestone 
at a depth of ten feet, near Dubuque. He again referred to this 
discovery in 1866 (Geol. Surv. Illinois, Vol. I, p. 162). The de-
termination of these remains was made by Dr. Jeffries Wy-
man. TJ:te materials on which the ' determination was made are 
probably in the Museum of Comparative Zoology at Cambridge, 
Massachusetts; but the present writer has not seen them. Doc-
tor Wyman (Whitney's Report, Geol. Surv. Wisconsin, Vol. I, 
1862, p. 422) stated that in Professor Hall's collection made in 
the lead region, there were fragments of bones and several 
teeth, the latter belonging to Megalonyx jelfersonii. Two or 
three individuals were represented. Unfortunately Doctor Wy-
man did not indicate whether these remains were found in Iowa 
or Wisconsin. 
In 1889 (Proc. Amer. Assoc. Adv. Sci., XXXVII, p. 202) 
Prof. J. E. Todd reported the discovery of a claw phalange in 
Mills county, Iowa, in sand below the drift. The identification 
f· I 
I [ 
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of the object was made by Dr. Joseph Leidy.' Doctor Calvin 
. (Bull. Geol. Soc.. Amer.,· Vol. XX, p. 353) stated that this sand 
is interglacial, belonging to the Aftonian. 
The remains above mentioned may be. referred provisionally 
to M. jetfersonii; but it is not at all unlikely that they belong to · 
M. leidyi, ~specially ~hose bones and teeth which occur in the 
Aftonian. The type locality of the latter, McPherson county, 
Kansas, is' much nearer to western Iowa than those localities 
where authentic specimens of M. jetfersonii have been found. 
Furthermore, there is a:s yet no certain e~dence that the latter 
existed as early as the Aftonian. The specimen found at Hen-
derson, Kentucky, may belong to the Sangamon; those found in . 
0hip belonged to post-Wisconsin· times. M. jetfersonii was not 
found in the Port Kennedy cave, an early Pleistocene deposit. 
The Aftonian deposits at Sioux City have furnished various 
remains of Megalonyx. In the collection at the Univ.ersity of 
Iowa is an ungual phalange which had' be,en secured by Prof. 
• . ' . . 11 , 
B. Shimek in the Anderson pit, at North Rive:"side, near Sioux 
City. The catalog number is 174. This phalange has the ter-
milial portion broken off a short distance in front of the tuberos-
ity for the tendon, and the whole of the basal sheath is ·gone • 
likewise. Figures 1, 2, plate V, give a side view and a view 
from below of this phalange; while figures 25, 26, and 27 pre-
Fig. 27 Fig. 26 Fig. 25 Fig. 29 Fig. 28 
. Figs. 25-29. Megalonyx je.ffersonii. Sections of ungual phalanges. Numbers 25, 26, 
27, a phalange from Sioux City; Nos. 28, 29, one from 
. Champaign, Illinois. X %. 
25. Section taken just In front of the hinder end. 
213; Section taker. at middle of the tuberosity for the tendon. 
27. Section In front of the tuberosity. 
28. Section taken through tuberosity. Shows ·also the sheath. 
29. Section taken in front of tuberosity. 
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sent sections taken just in front of the articulation with the pre-
. ceding phalange, at the· middle of the tuberosity for the tendon, 
and in front of this tuberosity, respectively. It will be seen 
that the bone is high and compres.sed, and that in the front half 
it comes . to an acute border above. The length of the frag-
ment is 105 mm. ; the height at the rear end, 46 mm. ; at the tu-
berosity, 57 mm.; at a point on the upper edge where broken, 
27 mm. The thickness where the sections are taken are respect-
ively 25 mm., 25 mm. (tuberosity) , and 12 mm . . At ,the rear is 
the artic,ulation for the second phalange, consisting of two 
grooves separated by a prominent ridge. FiguJ:'es 28 and 29 
represent sections of.a claw from Ohampaign, Dlinois, (see also 
fi,gs. 5 and 6 of plate III) which correspond to figures' 26 and 27. 
It will be seen that the Sioux City claw core' is considerably 
more compressed, hence it possibly belongs to another species. 
From the same pit th~re is a supposed p.atella, now in the 
collection ,at Iowa Oity, and having the number 175. So far a~ 
its form i.s concerned, it may be referred to either Megalonyx 
or Mylodori.. It is probably that of a small or half-grown ani-
mal. The patella of Jlfegalonyx, jeffersonii described by Doctor 
Leidy had a length of 5 inches and a width of 4 inches. The 
present bone has a length of only 55 rom., a width of 43 rom., 
~nd a thickness of 36 rom. It is more constricted about the 
middle of the length than wa.s the bone figured by Leidy, and 
likewise more than that of Mylodon figured by Owen (Extinc , 
gigantic Sloth, pI. xvii, fig. 2). What corresponds to the articu-
lar face of the patella is about as rough as the remainder of the ' 
Qone. It seems poss~ble that the bone belong.s elsewhere. 
Here was found also one of the second phalanges of probably 
Megalop.yx. It has the catalog number 221. At Turin, in Mo-
nona county, there was found a very complete right radius, 
which is' now in the collection at Iowa Oity and which has the 
number 275. Doctor Oalyin's figures are here reproduced (PI. 
V, figs. 3, 4), showing a front view of the bone and a view of 
the bo:r:der which was turned toward the ulna. The bop.e differs 
,in form but little from the one figured by Leidy, anu which be-
longed to Megalonyx jeffersonii. ~he length is 424 mm. (six-
. teen and five-eighths inches). The diameters of the head are 53 
9 
/ 
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mm. and 61 mm.; those of , the middle of the shaft, 32 mm. and 
80 mm.; those of the distal end 89 mm. and 63 mm. The bone 
described by Leidy was 453 rum. long; 90 mm. wide' at the 
middle; and .82 mm. at the distal erid. It will be seen: that the 
bone of the Henderson specimen is longer. than the Turin bone, . 
but narrower at the . distal end. 
From the Aftonian depo~its of the Cox pit, at Missouri Val-
ley, Doctor Calvin reported a damaged right tibia which he iden-
tified as that of MegaZonyx jeffersonii. , It has the catal.og 
number 31. Both the upper and the lpwerends are damaged, 
but the shaft is complete. The writer has seen this bone and 
taken a photograph and measurements of it. It appears to be 
necessary to refer it to Megalonyx, but it probably is not that 
of M. jeffersonii. The total length of the bone is 345 mm.; the 
greater diameter at the middle of the length 75 mm.; the shorter 
,diameter, 50 mm. The articulation shown in the photograph 
looks upward. One face, supposed to be the 
outer' one, is straight and nearly flat; the op-
posite -one is, o~ the lower half of the bone, 
convex from side to .side, while 'in the upper 
half there is a broad groove which descends 
from the upper ,end. A ·transverse section 
taken at the middle . of the length is shown 
here (Fig. 30) and is to be comp'ared with a 
corresponding section of the tibia of the Ren-
. derson specimen of M. feffersonii. It will be 
seen that they are quite different. In the Hen-
derson specimen the fibular border of the bone 
is acute. This bone cannot belong to Mylodon', 
Fig. 30. Megalonyx? 
. Section across right 
tibia at middle of 
the length X'h. 
Specimen found a t 
Missouri Valley. " 
for the tibia of that animal is relatively much shorter ' and ' 
thicker. . 
FroIp. this gravel pit there was obtained by Professor Shimek 
a lumbar vertebra, of which two views are here presented' (PI. 
VI, figs. 1, 2). It seems certain that it belonged to a species of 
Megalonyx.. The catalog number in the collection at Iowa Uni-' 
versity is 19: The centrum measures at one end 100 mm. from 
. side to side, 76 mm .. vertically. · The sides of the centrum are 
. slightly concave. On the lower . face there is a pair of large 
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foramina opening into the interior, of the bone, each measuring 
from side to iSide 17 mm.; fore and aft, 22 mm. The spi:q.al 
canal is 55 mm. high, 60 mm. from side to side. A 'great 1;l.eural 
spine passes upward and backward from the neural arches, ris-
ing 125 mm. above the roof of-the neural canaL Near the lipper 
end this spine measures 87 mm. from front to rear and is 34 
mm. thick. 
From th~ Jensen well, near Akron, Plymouth county, there 
was obtained the coalesced first and second phalanges of the 
third digit of the hind foot of a species of ground-sloth, but tQ 
what species it belong~d is unknown (Shime.k, BulL ·GeoL Soc. 
Amer.~ Vol. XXI, p. 127). It was most probably a Megalonyx. 
Family Mylodontidae. 
The ' My lodons. 
Ground-sloths with teeth i t. c t, m t ; the teeth of the upper 
jaw, especially the hinder ones,' more or less triangular in sec-
tion, with some of the sides concave from side to side; the front 
tooth of each side usually planted near · the seco'nd; ·the front 
one in the jaw considerably behind the front of the snout; the 
hinder tooth of the lower jaw larger than the others, · and with . 
one or more .wide grooves along its inner face, making the sec-
tion lobate; humerus wit~ or without foramen above the inner 
epicondyle; hinder feet with four digits. 
Under this family are arranged, besides Mylodon, about :fif-
teen 'genera which have left their remains in the Tertiary and 
Pleistocene deposits of South America. Still another genus, 
Paramylodon, closely related to Mylodon, occurs in North Amer-
ica, but so far as yet known, not in Iowa. Since it is known 
from Nebraska, it is entirely probable that its remains may yet 
be discovered in Iowa also. 
Genus MYLODON Owen. 
Skull rather elongated; snout longer and broader than in 
Megalonyx. Zygomatic arch interrupted. Front upper tooth 
not larger than the second. Hindermost lower tooth bilobate; 
the hinder three upper teeth with a broad groove on the inner 
face. Humerus 'without foramen above the internal epicondyle. 
Fore foot ~th five digits; hind foot with four. 
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Species belonging to this genus have been found in the Pleis-
tocene of 'both South and North America. From this epoch in 
North America there have been described four species. All of 
these are kno,vn from teeth and. J:ortions only of the .skeleton . . 
The type of the genus is Mylodon harlooi Owen. 
Mylodon harlooi Owen. 
This species is not well known, for only scanty remains of its 
skeleton have up to this time been f.ound. It was based on part · 
of the right side of a lower jaw which was found before 1831, 
at Big Bone Lick, Kentucky. The specimen is now probably at 
the American Museum of Natural History; having been a part 
of the collection of the 'Lyceum of Natural History of New York. 
Other meager portions of this animal have been found in vari~us 
parts of the country. Among these are parts of the skeleton of 
a half-grown animal that were discovered near Natchez, Mis-
sissippi; a tooth found near Oharleston) ~outh Oarolina; some 
bones and teeth found in B!:)nton county, Missouri; a humerus . 
and a tooth from Oregon, which, however, may belong to an-
other species. Two other e:losely related species have been de-
scribed from the Pleistocene of Louisiana, and a third f~om' the 
. same epoch in Oregon . . 
Figures 3 and' 4 of plate VI present views of the fragment of 
a jaw found at Big Bone Lick. In figure 3. the jaw is se,en from 
above, so that the forms of the crowns of the teeth are repre-
sented; in: figure 4 it is seen from the outside. Fig~re 3 is two-
thirds of th~ natural size; figure 4 a little more than one-half 
the size of nature. The length of the fragment is 210 mID.; the 
height, at the front or the hinder tooth, 84 mm.; the thickness, 
37 mID. The figures indicate that the jaw from front to rear of 
the tooth-line was somewhat concave on the outside. There were . 
originally, as in Megalonyx, four teeth in the jaw, but the.front 
one was lost from its socket. 
Inasmuch as the scanty remaiIl,f'! of the North American spe-
cies 'give us no correct idea of the form and anatomy of the 
mylodons, it is thought best to reproduce a number of figures 
. of a South American species, Mylodon robustus. Plate VII is 
prepared from. a photograph of one of a group of mylodons in 
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the AinElri.can Mliseum of "Natur'al :ijistory in New Y.ork. The 
.liberali,ty of the authorities of this museum makes it possible to 
publish. this view. The' other illustratiop.s are taken from Rich-
ard Owen's monograph entitled' ':Description, of t~e Skeletop. of 
the Gian:t Sloth Mylodon robustus Owen." 
Figure 31 represents the lower jaw of M. robustus viewea 
from above. It will.be observed that the teeth resemble closely 
'those of the North American speeies, but that there were nev-
ertheless some differences. The figure shows also the spoutlike 
form. of the front of the jaw. ' 
Fig, 31. Myloclon rob!!stus. Lower jaw seen from above. X about "", ' From Owen, 
The size and form of the first, or front, lower tooth of M. 
hq,rlani has been determined sufficiently well from the form of 
the socket and from a fragment of the tooth in the socket. A 
section of this and of the other teeth is shown in figure 32, taken 
from Leidy's Memoirs of the Extinct Sloth Tribe of North 
America, ·the work referred to under Mega~onyx; The section is 
somewhat kidney-shaped. The long diameter is directed fore. 
and , aft, and is 25 mm~; the transverse, ' 16 mm. - The' second 
has a s-ection more irregular- in form, somewhat quadrate, with 
rounded angle::;, and with the outer and the hinder sides con-
cave. The long axis, oblique to the' jaw, measur-es 29 mm.; the 
one at right angles to this, 20 mm. The third tooth also has 
its long axis oblique to the jaw,and measur'e's . 33 mm. ' The 
aXis at right angles to the middle qf the long axis measures 16 
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mm. The fourth tooth is much the largest of the teeth, having 
a l~ngth of 56 mm. Its secho'n is constricted in the middle, in-
dicating a broad groove on the inner side, and another on the 
Fig, 32. 
~ig. 33, 
~. ~~ 
Mylodon lIarlani. Sections of lower teeth. Xl. From Leidy. They are 
, numbered from In front. 
Mylodon. harlani. Sections of upper teeth of right side. From Cope. Xl. 
They are numbered from in front. 
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·o.uter side running the length o.f the to.o.th. This to.o.th is very 
characteristic o.f Mylo.do.n" As to. the o.ther teeth ~t 'will be . 0b-
served that they are likely tQ have so.me' o.f the sides mo.re' co.n-
cave than tho.se o.f Megalo.nyx; 
The upper teeth have no.t yet aD been fo,und in their places in 
the jaw. Fro.m Bento.n co.unty, Misso.uri, Harlan had fragments 
. of the upper jaw which co.ntained two. teeth. Fro.m New Iberia, 
Lo.uisiana, Pro.fessor Oope described what he regarded as the 
, . 
upper teeth o.f Mylodon ha.rlani. From his figures there have 
been prepared the sections o.f" these teeth as here .sho.wn (Fig. 
33). These teeth were no.t fo.und in the bone, however. 
Figure 34 represents a palatal view o.f the skull of Mylodon 
robustus, and a comp~rison of this with the same view of Mega-
lonyx will show impo.rtant differences. In Megalonyx the rows 
• 
Fig. 35 . Fig. 34 
Fig. 34. Mylodon robu8tu8. Palatal view of skull. X~. From Owen. 
Fig. 35. Mylodon harlanir Hum-e rus. X 1/ 7. Fr'om Harlan . 
/ 
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of teeth are nearly parallel with each other; in Mylodon, they 
converge backward. In Megalop.yx the front tooth is the largest 
and is placed far in front of the next one; while in Mylodon the 
front one is small and not far , remo:ved from the second, and 
the hinder o.p.e,~is· the I;:ttgest. In Megalonyx, the hinder tooth is 
near the middle of the length of tbe skull; in Mylodon, nea:r the 
hinder end of the fro~t third. 
. In 1843 Harlan described some parts of the skeleton of 1I1ylo-
don harlani under the name of OrycterotherilllYn missouriense 
(Amer. Jour. Sci., Vol XLIV, p. 69, pIs. i-iii·). These had been. 
found · in Benton county, Missouri; by Albert Koch. Among 
these remains was one humerus. A copy of this drawing, fur-
nished by Harlan, is here presented (Fig. 35). The bone had 
exactly the length of that of the megalonyx described and fig-
ured by Leidy, twenty inches (508 mm.). In the megalonyx, 
the diameter across the epic on-
dyles is ten and one-half inches; 
in the mylodon, it is eleven 
inches. In the megalonyx the shaft 
is much more slender 'than in the 
mylodon; the diameter of the form-
er, at the middle, being three and 
one-fourth inches (82.6 mm.); in . 
the latter, five , inches (128 mID.). 
Another humerus was figured by 
. H. C. Perkins from a specimen 
found in Oregon (Amer. jour. Sci., 
Vol. XLII, p. 136, figs. 2-4) .. The 
humerus of Mylodon has no fora-
men just above the inner condyle, 
while that of Megalonyx does have 
the foramen. Another large bone 
of Mylodon described by Harlan is 
the ulna. Compared with that of Fig. 36. Mylodon robustus. Left forefoot, seen from above. X 
Megalonyx, it is shorter and a 3/ 16. From Owen. 
stouter bone. Its total length was 16 inches (406 mm.). Ac-
cording to Harlan's figure and his measurements, the distance 
from the coronoid process to the hinder end of the bone was a 
• 
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·tittle' more than four-tenths the whole length of the bone; while 
in Megalonyx this dis~ance is only about three~tenths the length. ' 
. , 
The structure of the fore fO,ot is not known from the North 
American species. Therefore, a "copy of Owen's figu.re of that 
, ·of Mylodon' robustus is presented (Fig. 36)' which shows this 
. membe'r of one-fourth the natural size. This foot is stated'to be 
one foot and two inches long and eight and one-third inches 
broad. ,It will be 'seen that there are five digits, of which the" 
three first bore horny claws, and that at the base these were 
protected by bony sheaths, as in Megalonyx. It is~vident from 
Owen's figures, that the claw co;res, were not as compressed as 
in Megalonyx and did not have such an acute upper border. In 
the fourth and fifth digits the phalanges were much r'educed, 
and possibly the third one in each was not developed. r.I;hese 
fingers were 'probably either wholly buried in a pad of connec-
,; F,i~, ~J;,., M:v~~do?;t robustt,S, Pelvis" seen from behind" X~. Fr~m Owen 
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tive and' fatty tissues and hard skin, or, they may have 'ended ill 
rudimentary nails. According to Owen, the last bone of the 
middle finger was five and a quarter inches long. This length 
was considerably increased by the presence of the horny claw. 
Figure 37 represents the pelvis of Mylodon robustus,. This 
striking portion of the skeleton resembles greatly that of the 
elephant, being much extended laterally and shortened from 
front to rear. Its entire breadth is three feet and five inches. 
The ~cetabula, those cavities which received the head of the 
femurs, look dO'Ymyard. The ap'pel!lrance pr.esented by the pel-
,vis in Mylodon and Megalonyx n;tay be seen also from the figure 
of Megalonyx jeffersonii (Fig. t). 
The femur of Mylod.on robustus resembled considerably that 
of Megalonyx jeffersonii. However, a comparison shows, that, 
while in Mylodo.n robustus the .upper end of the bone is consid-
erably wider than the lower, in Megalonyx jeffersonii the.1ower 
, end is somewhat wider than the upper. The tuberosity on the 
inner border of the bone;' the third trochanter, is considera~ly 
above Jhe middle of the bone in the Mylodon, while in Mega-
lQnyi it is at the middle. 
. Harlan hl:!-d also two tibias of Mylodon harlani, and these con-
trast strongly with the same bone in Megalonyx, being much 
shorter and till,cker. The tibia agrees in form closely with, that 
of the Sbuth American Mylodon .r:obustus, whose tibia ,and 
fibula are here shown (Fig. 38) . . The larger tibia described by 
Harlan, had a length of ten and 'one-half inches (255 mm.); 
'-, ,while the 'diameter at the middle of the shaft; was thirty hun-
dredths t~at of the length. In l\Iegalonyx, t.he tibia described 
by Leidy is fifteen inches (380 mm.) in total length; the ill am-
eter at the middle of the shaft is l:!.oout twenty-three hundredths 
of the length. 
Figure 39 from Owen shows the hinder foot of . Mylodon 1'0-
bustus as viewed from above. It will 1;)e observed that there are 
only four digits, the first one being wholly 'gone. Of the digits 
present only the second and third possessed the full number of 
phalanges, the third phalange of each being elongated and pro-
vided in life with a horny claw. The fourth and fifth digits had 
each only two much reduced phalanges and ;possibly the fifth 
had only one. 'It will be ' seen that the form of the heel bone is 
-. 
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grea~ly different from that of Megalonyx. The structllr.e of 
this foot shows that the sole was turned somewhat inward and 
that the animal rested more or less on the outer edge. of the 
foot:, The last phalange of the middle digit was five and one-
. third inches (136 mm.) long; one and five-sixths inches (46 mm.) 
high at the middle; and one and three-fourths inches (44 mm.) . 
wide at the middle. Here, :as in the fore foot, the upper border 
m~~ m~ ~ 
l!' igs. 38, 39. MyZodon robustu8. 
,. - 38. Left tibia arid fibula , · seen from front. X 2/0. After Owen. 
39. L e·ft hind foot. X · 3/16. After IOwen. 
• '. f 
. #,. 
of ·the claw-cote was less acute than in the claw-cores of Mega~ 
lonyx. It seems evident, too, that the bony sheath ·at the base 
of .the~e ungual p4alanges of ,the fore and the 1).ind' feet was 
sh.or:ter than in fl;te Megalonyx., T~e core" ~oo, seems to have 
been straighter... . " 
Thel'e "werefour claw~coresin the· .collection of . rem.ains o·f . 
M. harlaniiiexamined ·by Haldan,' but .his figures .do not , giye one, 
a tHear ·idea (i):l' ~thei1:' · detaiis . .. ' ., 
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As regards the 'habits of the mylodons it is evident that, like 
their far smaller modern relatives, the tree-inhabiting sloths, 
tl1ey were devoUTers of vegetation. We are forbidden by their 
great size to suppose that such 'animals could climb about among 
the branches of'trees. 'They might, indeed, have consumed the 
foliage' and tender branches of sl1rubs and of herbaceous plants. 
Professor ' Owen, in his monograph, :expresses' the opinion that 
the enormously strong bo.11es, espe~ially those of the hinder part 
of the' body, indicate that the~e animals were fitted to uproot 
trees of considerable size and thus to briIl:g the foliage with~n 
their rea ch. : 
" Within recent years some light has been cast on the stru~­
tures and habits of the ~ant slotbs. In 1897 there was found 
in a cavern in Patagonia, near the line between Chile and Ar-
gehtina, a large piece of the dried skin of an animal unknown to 
tbe natives of that region. It was later ascertained to belong 
to some sort of Edentate, and was then supposed to have be-
longed to some species of Mylodon. A piece of this skin, about 
twenty-twa incbes long and ' eighteen, inches wide, came under 
the observation of Dr. A. S. Woodward, of the British Museum 
of Natural History. He furnished a description of this which 
is to be found in H. H. Pritchard's ," Through the I,Ieart of 
Patagonia. " The piece of skin is there illustrated by two fig-
ures. ' The outside is thickly covered with hair varying from 
two inches to nearly three in length. In the deeper part of the 
skin are numerous closely crowded nodules of bone, the largest 
of which measures 15 mm., in length. The piece, was supposed 
to belong in the region ab,out the bead and neck. It was impos-
sible to pr.ove that the"skin had bolonged to a mylodon; for the 
known dermal bones of the latter '!:>elonged to the lumbar region 
and lay nearer the su:rface 'of 'the 'skin, Qeing iII.1mediately cov-
ered with hotny epidermis. ' . 
, At a later tim~ f~rthe~ ~xca~ations broilght to liglit another 
piece of skin, and vari6~s broken bones or" more than ' one indi-
vidual of this animal. There were present rema'ins' of other 
animals, sCHl1e extinct; besides evidences of human occupation, 
and, among other things, ' some r.emains of cut' hay. The eonc~u:; 
sion was reached that at some tim~ men had 'kept theM ,huge: 
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edentates impounded there for some purpose. A study of the 
,remains has shown that the animal belonged to a genus, GrYpo-· 
therium, related to Mylodon and already knowp. from parts of 
the skeleton. 
With the other remains cf this animal there was fOWld in the 
cave examined some of its excrement. A study ' of this by 
botanists indicated apparently that the animal had lived in large 
part on grasses and some other plants. This suggests that not 
improbably the North American species of Mylodon were not 
wholly addicted to pulling down and destroying trees. As to 
the ' time when this grypotherium had lived nothing certain has 
been determined. It was at first t.hought that the species might 
ye't be in existence in the mountains of that region. The skin 
seemed to have been but l"ecently · taken from the animal, and 
there was yet on it dried ser~. Some of the vertebral and 
limb-bones. retained yet portions of cartilage and traces of mus-
cles and ligaments. 
These facts seem to indicate very recent existence. Dr. 
Woodward, however, concludes that the animal formed part of 
a fauna that is now mostly extinct, but· that neverth~less the 
grypotherium, was probably actually kept and fed by jl,n early 
race of men. The mere existence of a large part 6f th~ skin of 
one of these mylodons appears to indicate plainly that :men had 
captured and killed the animal. 
In North America Mylodon remains have been fO'und in many 
places; and apparently at very different levels. One ungual 
phalange was found in Port Kennedy. cave, but Profe'ssor Cope 
was not certain that it belonged to Mylodon harlani. 
A clf;l.w-core of Myloq,on has been found in , the Aftonian of 
Iowa, and another at. Tecumseh, Nebraska, but in the absence of 
associated skulls, and even of teeth, we cannot be wholly cer-
tain that the species is Mylodon harlani, whatever the probabil-
ity may be. The actual age of the type specimen found at Big 
Bone Lick, Kentucky, cannot be determined. It seems probable 
that the deposits of bones made there may range from the San-
gamon stage to the Recent. . It is to be. taken into account tlJ,at' 
no Mylodon remains have 'yet been found in deposits overlying 
Wisconsin drift. We may therefore suppose for the present 
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that Mylodon harlani flourished from the Aftonian to the Sanga-
mon stage. 
In his first paper on Aftonian Mammalian Fauna already 
quoted, Dr. Calvin described and figured (plate XXVI, figs. 1-3) 
a part of a large ungual phalange which he referred to Mylodon, 
without venturing to name the species. This phalange was 
fou;nd in the Cox gravel pit, at Missouri Valley, and has the 
catalog number 162. One of Calvin's figures, the one illustrat- ' 
ing the bone as seen from above is here reproduced (PI. VIII, 
fig. 2). Another figure on the same plate shows the left sid~ of 
the claw. The anterior part of the bon~ is broken off and lost. 
The greater part of the bony sheath wh,ich protected the base of 
the horny claw is likewise russing, especially on the left side. 
The length of the bone a:s found is 113 mm.; but originally it 
Fig. 40 Fig. 41 Fig. 42 
Figs, 40-42. Mylodon harlanH Sections of claw found at Missouri Valley. X%. 
40. Scction taken near the base. . , 
41. Section taken at middle of inferior tuberoSity. 
42. Section taken in front of tuberosity. 
cannot have been far from 160 mm. The height at the front of 
the articulation with the second phalange IS 52 mm.; at the rear 
of the tuberosity for the tendon, 58 mm., allowing nothing for 
the missing sheath; at the place of fracture, 32 mm. , The 
breadth at th~ articulation is 39 mm.; at the place where the sec-
ond section is taken, allowing something for the missing part of 
the sheath, about 40 mni.. ; at the broken end, 18 mm. The 
bone is more convex oil the right side, showing that it was bent 
slightly towards the left. 'The upper border of the claw-c6r~ 
• 
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is broadly rounded; thus ' differing from the same 'part in .Mega- _ 
lony~, in which this border comes to an acute edge in the distal 
half of its course. Sections are here furnished which are to bE) 
compared with similar ones of Megalonyx. Just behind the 
tuberosity in the lower bO,rder of the bone is a pair of large 
foramina for bloodvessels. Figure 40 represents a section of 
this claw taken just in front of the articulation with the second 
phalange;. figure 41 another section taken at the middle of the 
tuberosity on the lower border; while figure 42 represents a 
section at the broken end of the epecimen. These sections are 
to be coinpared with.figures 25-29 on page 128> -
The phalange mentioned as being found at Tecumseh, J ohn-
son county, Nebraska, IS 'in the State collection, at ~he Univer-
sity of ·Nebraska. It is .a somewhat larger claw than the one 
found at Missouri Valley . . The height at the front of the articu-
lating surface, is 60 mm.; that at the tuberosity, 67 mm. · 
Recently Glover M. Allen has published (Mem. Mus. Compo 
Zool. Harv. CoIl., Vol. XI, pp, 317-346, pIs. 1-4) a des.cription of 
a new species of Mylodon, M. garmani, the type of which was 
found many years ago somewhere not far fr:om Hay Springs, 
Nebraska. This species has a much narrower skull than ·Mylo-
don robustus, and there are important differences in the teeth . . 
The lower teeth resemble rather closely those of M. harlani, but 
are yet different. The upper teeth are still more different. It is . 
not improbable that the specimens found in the Aftonian of 
Iowa belong to .this species rather than to 1I.!. harlani. 
Allen regards his species as having been a browsing rather . 
than a grazing animal. . 
! i I 
Superorder UNGULATA: 
Suborder PERISSODACTYLA. 
'Tapirs, Horses, Rhinoceroses, Titanotheres, .Etc. 
Ungulata 'which,have the middle, or third, digit of all the feet . 
most strongly ' developed; astrag::.tlus with the dista~ end ' flat; 
fibula usually not articulating with the heel-bone;. femur with 
a third trochanter; presacral vertebral 20 or 30. 
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This group, or suborder, of hoofed animals is represented to-
day by 'only the horses, the tapirs, and the rhinoceroses; but 
during T,ertiar'y times there existed a host of related forms. 
, Many of these have' been discovered in 
North America; others in, South ~erica, 
Europe, Asia, and Africa. One farriily that 
existed in 'our country, the Tita;notheres, 
contained species that were as' large as ele-
phants. Because of the relatively few spe-
cies now existing, the suborder may be 
looked on as a vanishing one. 
The character which especially di'stin-
guishes the animals of this suborder from 
other Ungulata is the relatively large size of 
the third or middle toe. In all species of the 
group, fossil or living, the first, or inner, 
toe is either wholly missing, or represent-
ed in the forefoot by only a slender ves-
tigial element; in nearly all, the fifth also 
is wanting. Among living genera the tapirs 
have the fifth present in the forefoot, but 
it is much reduced in size; the middle toe 
is, however, much larger than any of the 
othe1's. In the living and in the Pleistocene 
horses, the middle digit alone is complete 
and functional, but remnants' of the second 
and fourth toes exist in the form of splint., 
bones (Figure 43). . Fig, 43. Equu8 cab(l;ZZU8. 
Right hind foot seen 
I 11 th . d t 1 th f h from In front. a, as-n a e pensso ac y es e emur as tragalus; c, calcaneum; 
an outstanding process, the third tro- ~~;.,~W~~ i c;s/$e~~~~= 
. f nelform ; mii, second 
chanter, on the outer SIde 0 the bone. That metatarsal ; l>l'iii, third 
ankle bone on, which the shin-bone rests, the ~:l!~~~~l ~ 1nt" f~ur~ 
first, second and third 
astragalus, is semi-cylindrical and pulley- phalanges, or upper and 
. lower pasterns and 
like at the upper end, with a deep furrow, coffin bone. ' 
,while the lower end is cut off squarely, differing , thus much 
from the 'corresponding bone in the artiodactyles. ' 
THE HORSES, .ASSES AND ZEBRAS 
. Superfamily EQUOIDEA • 
. Hyracotheres, 'Palaeotheres, Anchitheres, Protohippines, . 
and Horses. 
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Skull elongated; teeth in full number, forty-four or sometimes 
with canines aud first premolars missing. Orbits in hInder half 
of the skull. N ever any horns. Nasal bones long and pointed. 
Feet elongated. 
All the animals included in this group are extinct, except the 
true horses; and it is mostly these which continued 'on into the 
Pleistocene: . 
Family Equidae. 
The Horses, Asses, and. Zebras. 
Skull elongated and with the orbits well behind the middle of 
the length. Limbs fitted for great speed. Feet with three func-
tional digits in many of the extinct genera; with only one in 
Equus. Teeth it, c t, pm !=~, mj'; cheek-teeth in the older forms 
low-crowned, in the 'm9st recen,t high-crowned; the llPper molars 
showing on the unworn grinding surface two outer, two inner, 
and two intermediate cusps, each inner cusp joined to the corre-
sponding intermediate by an oblique. ridge. The worn molars 
showing an internal column (protocone) and two inner cres-
cents separated' from two outer crescents by two "iakes" of 
cement; lower molars with two outer crescents, . two inner cusps, 
and an inner median column (mesostylid). The premolars of 
the higher genera, except the first, becoming molariform. In-
cisors, chisel-like, the c~nine and first premolars often wanting, 
especially in the females . 
. The numerous relatives of the domestic horse which belonged 
to other genera than Equus and Neohipparibn ' need not ,be de-
scribed he·re. It suffices only to Hay. that as we .go fu.rther and' 
further backward in Tertiary times, the species and genera lose 
gradually the distinctive characteristics of our borses. The 
feet come to have three or four ·functional toes, and the whole 
foot becomes larger as compared with the rest of the leg. The 
teeth come to have shorter and shorter. <?rowns, the grinding 
10 
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surface is furnished. with rounded cusps covered with enamel, 
and the premolar teeth resemble Jess and less the true molars. 
The animals have no longer the great size of our horses; and the 
earliest forms were no larger than a small fox. The earliest 
known species belong to the Eocene of North America and Eu-
rope. Eohippus had four toes on the fore feet and three on the 
hinder. The 'crowns of the teeth were extremely low' and re-
sembled those of monkeys more than those of our horses . . 
Of this family there have been fouI;ld in the Tertiary deposits 
of North America a dozen or more genera and many ' species; 
but of these only Equus and Ne ohipp arion, so far as we now 
know, came iIj.to the Pleistocene. Many of the genera were com-
. mon to Europe and North America . . Equus existed in all the 
continents, except Australi~, during the Pleistocene, probably 
also during a .part of the Pliocene. 
It may be said that good reasons may be proposed for remov-
ing from the familY 'Equidre many of the earlier and more primi-
. tive genera. On this question consult the recently published 
work by R. Lydekker, "The Horse and Its Relatives." 
In a paper published in 1907 (Bull. Amer. Mus. Nat. Rist. Vol. 
XXIII), Mr. J. W. Gidley accepted the family in Its wider sense 
and divided it into four subfamilies, a~ follows: 
I. Hyracotheriinre. 
II. Anchitheriinre. 
III. Protohippinre. 
IV. EquiIire. 
In Iowa there have been discovered representatIves of only '. 
the last two families. Of these the Protohippinre contain a bout 
five gene~a most of which flourished during the Miocene and . 
Pliocene; but one genus, N eohlpparion, appears to have con!.. 
tinued on into the Mtonian. The Protohippinre may be defined 
as fonows: 
Subfamily PROTOHIPPINAE. 
Cheek-teeth high-crowned and furnished with abundant ce-
ment, the lakes well-develope,d. Three toes furnished with hoofs 
,on all the feet, the median one much the largest, 
J 
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Genus NEOHIPJ;>ARION Gidley, 
The New World Hipparibns. 
Cheek-teeth high-crowned and prismatic; the hinder three 
premolars like the molars; the first ,upper premo~ar present, 
but reduced in size; inner anterior column (protocone) of upper 
cheek-teeth not connected with the anterior crescent (proto-
conule), on the worn surface appearing as an enamel-surround-
ed island of oval or elliptical form.; canines p.resent in both 
sexes; incisors with cups more or less well-developed. Feet 
each with three toes furnished with hoofs; the metacarpals and 
'the metatarsals without keel at distal end. 
This genus, which comprehends the New World hipparions,. 
differs from the g~'nus Hipparion, ' in which are placed the 
hipparions of the Old World, in having the internal anterior 
column of the upper teeth (as it appears on the worn face of 
the tooth) mOJ;"e or less elongated fore and aft, . instead of cir-
cular. Also on the outer face of the tooth the spaces between 
the prominent ribs or styles are concave, as in the common 
horse, instead of being fiat. It is thought also, that its lateral 
toes are more reduced than in Hipparion. However', the two 
gep.era are closely related. . 
About twenty species of this genus have been described as 
former ' inhabitants of our eouJ?try; some of these will, however, 
probably be assigned to the genus Merychippus. This latter 
g~nus differs especia:lly in having shorter-crowned teeth. Most 
of the species of. Neohipparion belong to the upper Miocene, 
most of them coming from the regions of the Great Plains. Two 
s-pecies have been described ' from the Pliocene,' and it. is qUite 
certain that the genus continued on into the early Pleistocene. 
N eohiplParion venustum was described by Dr. Leidy in 1860' 'on ) 
specimens found in Pleistocene deposits near the mouth of 
Ashley river, in South Car~lina; an:d Dr. Calvin reported from 
the Aftonian at Rockport, Missouri, a . tooth which is d'escribed 
below as probably N eohipparion gratum. . 
As in the case of the true horses, most of the species of N eo-
hipparion are known from teeth only or in one or two cases from 
jaws. However, Professor Cope received from the upper Mio-
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cepe of northern Kansas a nearly complete skull of the species 
N. speciosum; which was associated with various vertebrre, 
one-half of the pelvis, and parts of a foreleg. The' skull was 
figured by him in 1887 (Amer. Nl;tturalist, VoL XXI, fig. 38), 
and a description of the remains was given in 1889 (Proc. 
Amer. Philos. Soc., Vol XXVI, p. 436). In order that the stu-
dent may get some idea of the form of the skull of this genus, or 
at least a genus elosely related to it, a figure is here reproduced ' 
of the skull mentioned (PL VIII, fig . . 3). It is not improbable, 
howev.er, that this species will be found to belong to Merychip-
pus. The figure is from an unpublished' plate prepared .for 
Professor Cope. Its reproduction here is due to the courtesy , 
of the United State's Geological Survey. 
It will be seen that it is very horselike. In size it differs much 
from the skull of the domestic horse, being only about one foot 
long (315 mm.). This ~ncludes the occipital condyles and prob-
ably the incisor teeth. The greate'st width, at the zygomatic 
arches, is 130 mm.; that between the third incisors is 37 mm. 
The horizontal diameter of the orbit is 48 mm.; the orbit is 
therefore relatively considerably larger than in the domestic 
, horse. The forehead is more prominent than even in the Arab-
ian horse, if we may judge from Cope's figure; and the height of 
the s~ull at, the o~cipital condyles and at the temporal fossre is 
greater than in the Arabian hor~e. In the hipparion the. height 
indicated enters into the l ength of the skull four times; in the 
Arabian horse nearly five times. ' 
Cope described the various vertebrre which he had, but it is 
not practi~able to do so here. The metacarpal bone had a length 
of '164 mm. ; that of an Arabian horse fourteen and one-half 
hands high is, 250 mm. long. On each side the' metacarpal of the 
hipparion is beveled for union with the lateral metcarpals, show-
, ing that the animal had three toes. Cope stated that this spe'cies' 
, ' had a ,size about equal to that of the pronghorn antelope, but 
that the neck was shorter and the limbs more, robust. 
.. .. .. ~ . ... 
p ," ... ~ ~, 
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N eohippar'ion . gratum? Leidy. 
In the collection belonging to the University of Iowa is a 
sIngle tooth which is to be assigned to the genus N eohipparion 
and which was discovered in the .Whitman gravel pit a few miles 
south of Rockport, Atchison county, Missouri. This pit is 10- . 
cated in section 22, township 64 north, range 41 west, and was. 
regarded by Doctor Calvin as being excavated in Aftonian de-
posits. -Besides this tooth, this pit has furnished 
teeth and a metatarsal of the horse, Equus, a tooth 
of a camel, and a tooth and part of a tusk of the 
elephant Elephas columbi. The tooth of the N eo-
hipparion was reported by Doctor Calvin in the 
Bulletin of the Geoloo-lcal Society of America vol- Fig. ~4. Neohip- ' o~ 'parton gratum! 
ume xxii, page 211, and was figured on plate xix, r;~~d~¥ga m~f:; 
figure 5. The figures are here reproduced (PI. IX, . tooth. )(,1. 
figs. 1, 2). A pep. drawing showing the grinding face is also_ 
presented (Fig. 44). 
The tooth has suffered the injury of having the external wall 
of enamel split off,but otherwise shows no evidenc~ of post: 
mortem violence. It is rather strongly curved, so as . to be, con-
vex on the outer face, concave on the inner. The coat of; cenient 
was well developed and is preserved, except · on the, outer Jace: .. 
The height of the tooth, measured on the outer face~ in; a str.aight . 
line, is 34 mID.; on the inner' face, 27 mm. The leD"gth~ of the' 
grinding face is 17 mm.; its width' cannot be-deterroinerl .. : How-
ever, from the inner side of the protocone to the -hind,el' ex-\ , 
treinity of the anterior lake~ is 14 mill. The pr'otQconer i.8 oval 
and has a fore and a-ft diameter of 3.5 mm .. -, ,The ' po~tproto­
conal valley; 'which in this genus 'op,ens out in front of the proto-
cone, as well behind it, -has a deep notch : oppo~te -the ) atterl 
There is a deep inlet 'in tM hindei -border ot t1;le ,to,oth; " e~tting 
off ~arti~lly the 'hinde-r innex col~mn ' (hypohone) / . -The ellarn:el 
surrouIidlp.g the lakes ha s ,a very, sImple' ar-rangeH.fent; ,but ha.rdly 
more simple than' 'in SOme species ' of true horsesJ Equus.The 
anterior lake has no notch in the front border, but a very deep 
loop near the hinder end of the in.ner border" and .anotherin the 
tinder .border. . Beyond this are two small· loop/,!. . m.heo posterior 
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lake has a deep loop in its front border and another in the 
hinder one. 
The type of the species N eohipparion gratum was found some-
where along Niobrara river, in Nebraska, and is assigned to 
the Upper ' Miocene. Other specimens have been found since 
that time in Kansas, in Upper Miocene deposits. It seems 
somewhat improbable that the same species continued on 
through this epoch, through the 'Pliocene, and into the Aftonian. 
One has the choice, therefore, between the conclusion that the 
tooth described above is an undescribed species, and the conclu-
sion that the tooth had been redeposited in the Aftonian from 
some Upper Miocene bed. It seems best to ' await further dis-
coveries. 
The tooth here under discussion appears to agree in all essen-
tial respects with the type tooth figured by Leidy, and those 
later described by Cope (Proc. Amer. Philos. Soc., Vol. XXVI" 
p. 415, figs. 16, 17). ' 
The probability that Neohipparion existed during the Afton-
ian is increased by the fact that some remains 'of a small horse-
like animal have been discovered in the Aftonian beds at the 
typical locality near Thayer, Union county. These remains con-
sist of an astragalus, a large part of a right metatarsal, a 
proximal phalange and one or two unerupted teeth. These 
. materials were first referred to by Dr. Calvin in 1910 (Bull. 
Geol. Soc. Amer., Vol. XX, p. 139) where he' stated that the 
animal was less than half the height of the domestic horse. .In: 
a later paper (ibid. Vol. XXII, p. 210, pI. xix, figs. !-4) further 
mention was m'ade of these teeth and bones in connection. with 
the tooth above described as N e'Oh,jpp'arion gratum?; and figures 
were presented of all. Calvin's figures 'of the , foot-bones are 
here 'reproduced (PI. IX, fig's. 3, 4, 7). The .catalog nUInb~r is 
76. The metatarsal has a part of the lowet end missihg; The 
length of the fragment is 100 'mm,.; the front~to-rear diameter 
of the upper end,26 mm.; the side-to-side diameter, about '28 
min. 
At a dist"ance of 75 mm. from the upper end the fore:..and-aft 
diameter'is 19 min.:; the transverse diameter, 18· mm. A part of 
the border of the upper articulation is abraded, so that the 
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measurements there taken are not wholly exact. In case this 
bone .had .the proportions that 'are found .in the corresponding ' 
bone of another species of. the genus, its length was close to 200 
mm. The bone was therefore a relatively slenderet bone 'than 
that of the domestic horse. It differs from the metatarsal of 
-the horse likewise in having the fore-and-aft diam~ter greater 
than the transverse. A section of the fragment, taken at any 
point below the head would be .U shaped. The rear of the bone 
is nearly flat or 'slightly concave from side to side. On each side 
of the hinder face is a rough line, along which Were :;tttached -
the metatarsals of the second and fourth digits ·resPeGtively. 
That 'border along which wa,s attached the fourth meta.tarsal 
stands backward a little more prominently than that of the 
second. 
The phalangeal bone is the first one ,of the digit. It belonged 
to a smaller animal than that which possessed the metatarsal; 
perhaps it belonged to another speci,es. It is 36 mm. long. The 
fore-and-aft and the transverse diameters of the upper end are 
respecti,vely 19.5 mm. and 11.5 mm., the latter taken 'at the mid-, 
line. of the articulation; at the middle of the length, 10.5 mm. 
and 13.5 mm. ; at the lower end, 9 mm. and 16 mm . 
. Subfamily EOVINAE. 
One-Toed Horses. 
Oheek-teeth high-c~owned and 'provided with ' abundant ce-
ment; the lakes well developed. Only one functional digit in 
each foot; the lateral digits, second and fourth, appearing as 
.. ·splint bones. ' . 
Genus EQUUS Linn 
The True Horses. 
Oheek-teeth 'high-crowned and prismatic; premolars, except 
. the much reduced and often absent first one, like the molars; 
in the upper jaw the inner column (protoc<?~e) attached by a 
: slender neck to the anterior inner crescent. Incisor teeth usu-
: ally with well-developed cups. Fec,t each with only one digit. 
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Of the gemls Equils, about ~ dozen species are kdown .from 
the Pleistocene of North America, north. of Mexico. At some 
time during the Pleistocene, horses · occupied our country froID: 
the Atlantic ocean to ·the Pacific, and from the Great Lakes to 
the Gulf of Mexico and far down to into Mexico. Even in 
. Alaska their remains are not uncommon. Unfortunately, many 
of the species are· known to us from theIr teeth only; and, in 
many 'cases, the teeth of different species resemble one another 
so closely that it is difficult to distinguish these . species from 
one' another and from the dometic horse, The finding of bones 
of fossil horses, especially skulls and whole skeletons, or large 
parts of them is greatly desired. 
Figure 45 represents a side view of the skull of a norse. In 
this the bone has been cut away, so that the cheek-teeth may be 
Heen' in their full length. Of these great teeth there are six.on 
each side of each jaw. All except the one in front and the one ' . 
behind are long and nearly square prisms. A small first pre-
Fig.45 
Figs. 45-47 . . Equus caballus. 
45. Side view of skull, dissected to show the teeth. 
pi-
Fig. 46 
prd ";J/f ,/I'Jd 
46. Section of right · upper molar. From Max Weber. Xl. The enamel is 
shown by the heavy black lines, the ·dentine by stippling, the cement 
by parallel lines. elph, ectoloph; h; posterior lake; hs, hypostyle; 
hy, hypocone; me, metacone; .mlph, metaloph; ms, mesostyle; mts, 
metastyle; pa, paracone; pI, prot9conule; plph, protoloph; p·r, proto-
cone; V8, protostyle·; 11, anterior lake. 
47. Section of right lower molar. Xl. From Max Weber. end, entoconid; 
esd, entostylld; hm, posterior Inner fold, or valley; hyd, Iiypoconld; 
mea, metaconid; mf, median fold, or outer va lley; mts, metastyle; 
prd, p,otoconlrl; psd; parastylid·; 11m, inner anterior fold or valley. 
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molar is represented in this figUl'e as present in the upper jaw, 
but it is often absent. 
Figures 45, 46 and 47, reproduced from Weber's Saugetiere, 
page 595, show the appearance of the grinding face of the upper 
and of the lower molar and premolar teeth of a horse. These 
and other figures here presented show how complicated is the' 
pattern as~umed by the enamel of the teeth in horses, and the 
relatively small differences seen among the various species. In 
these figures, the dentine, which 'c;onstitutes the largest part of 
the' tooth, is indicated by stippling; the heavy black line.s repre- ' 
sent the enamel; the cement is shown' by parallel lines. Figure 
46 is lettered to show the various regions of the teeth; as seen 
on the worn face. The front of the tooth is directed toward the 
l·ight. The regions marked pr., pa .. , me., hy., and pl., were, be-
fore the teeth began to wear doW)1, projecting cusps. The space 
h below me., surrounded by the irregular wall of enamel in the 
worn tooth, forms a "lake" of cement; that below pa., lettered 
v., forms another. In the figure of the lower tooth the constitu-
ent elements are indicated as they are in the upper. In this fig-
ure (Fig. 47) the fr:ont of the tooth is toward the left hand. Be-
fore the tooth began to wear the areas marked prd, hyd, med, ' 
and end, stood above the general surface of the tooth as enamel-
co'vered cusps. ' 
The three hinder premolars have, in the horses, assumed the 
form and structure of the true molars so thoroughly that they 
are almost indistinguishable from them. They , are ' slightly 
larger than the molars and the column at the o:uter anterior: 
angle is a little broader and is somewhat channeled the whole 
length of the tooth. The third true molar is ,larger than the 
others and its hinder border' is not so squarely. cut off as in the 
cases of ' the other teeth (Fig. 60).: The second premolar is' 
the largest tooth, and the front end of its grinding face is ' 
pointed (Fig. 68)'. In front of this tooth there may sometimes 
be found a very small first premolar (Fig. 45). , It is the, 
"wolf tooth" of veterinarians. ' 
Far in f~ont of the premolars are located the incisors, six in 
number in each jaw , (Fig. 45). When ' somewhat worn they 
display on the grinding face an outer and an mner ring of ' 
" 
. ' 
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enamel. Within the inne~ ring i§! a cavity', or cup, the: ' ,I mark" .. 
of veterinarians. In old horses the cup disappears., At some 
distance on each side behind the incisors a canine tooth (Fig. 
45, c) is found in the stallion, but is mi'ssing, usually at least, in 
the mare. 
, 
, The inferior 'molars are much narr'ower than are the upper 
ones, nearly twice as long, fore and aft, as wide. The lower· 
premolars also have the for1f1 and structure of the true molars, 
but are usually slightly larger. The hinder true molar is point-
-ed behind,' the second premolar is pointe,d in front. The first 
premolar is usually missing. There a~e six incisors and a pair 
of canjnes, the latter sometimes not developed. 
The ·three hinder premolars, both' above and below, are pre-
ceded by milk teetp., which have the general structure of the 
permanent teeth, but have a smaller transverse diapleter. The 
fore-and-aft diameter may, howeV'er, be even greater than in the 
adult horse. 
It may be desirable sometimes to identify the :teeth of horses 
and to determine their positions in the mouth. They may be 
known from the teeth of other animals by their size, their 'form 
and the peculiar arrangement of the enamel walls. If the teeth 
have the grinding face nearly square, they belong to the upper 
jaw; if they are nearly twice as long on the worn face as broad, . 
they are to be assigned to the lower jaw. The crown may be 
very high ·or it may have been worn down nearly to the small 
roots. In case the tooth has suffered little or no wear and is 
nevertheless short-crowned, it is' to be taken as a milk tooth. 
In the upper jaw the outer border of the tooth has a contin-
uous wall of enamel; but this bends inwards somewhat at two 
points and leaves two prominent ridges, or styles, running up 
and down on the tooth (Fig. 46 ps. ms.). The enamel of t1;l.e 
. ip.ner border of each upper tooth bends inward to the very cen-
ter 'of the tooth, producing a valley directed forward, the post-
, protoconal valley (Fig. 46pv.), so called here because it starts 
behind the protocone. 
In each lower tooth there is, on the outer face, o'ne inlet of 
the enamel, situated about the middle of the length (Fig. 47 
, mi.). On the inner bor,del' there are two deep inlets (Fig. 47 
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vm. hm.), one near the front of. the tooth, the other just behind 
the middle of .the length. Between the two, are two loops of 
enamel (metaconid and mesostylid). -Behind the second inlet is 
another loop of enamel, representing' a ridge running up and 
down on the,inner face of the tooth, the entoconid. At the ex-
treme rear of the tooth is the more or less developed ento.stylid. 
Observations of these features will lead to the placing of the 
teeth in the proper jaw, on the 'proper side,! and with the right 
end forward. 
In the upper jaw the second premolar' may be distinguished 
by its large size and pointea front end; the ·hinder true molar 
by its small size and its narrower hinder end. The other four 
teeth are more difficult to locate, and it is not usually necessary 
to do so. ~hese' same ob~ervations apply to the lower ' teeth. 
There appear to be pretty well established at least ten spe'cies 
of the genus Equus which were inhabitants of·the United States 
during the Pleistocene; although a number of others have been 
named. Much better materials of nearly all the species must 
yet be found and studied before our knowledge will be satis-
factory . . 
There is need, not only of a better knowledge' of the structure 
of the various species, but of their relation to the species that 
lived during the Pliocene, and therefore of the pla~ of origin 
of the genus Equus, and what was the genus from which it 
sprang. We need to learn what .was the geographical range of 
each species; but of more importance is it to .learn what was the 
range of each species in time. It s.eems quite certain that true 
horses were present in America soon after the opening of the 
Pleistocene, and probably during some part of the later Plio-
cene. In Europe species of the genus existed during the upper 
·Pliocene. In India ' the genus occurs in the upper Miocene. 
Therefore, the genus Equus appears to have had its origin in 
Asia, notwithstanding the fact that the genera that are most 
closely related' to it seem to have lived in America. It seems 
probable that the horse~ike animals that gave origin to the 
genus Equus passed by some land bridge into Asia and that later 
some speeies of Equus returned to America over perhaps the 
" 
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same land bridge, located perhaps somewhere in the region of 
Bering strait. 
Another' important and interesting qu_estion is that regarding 
-the time when out native horses became extip,ct. It has been 
'supposed that some species continued on until late ' in the Pleis-
tocene. It has even been ' argued that in Mexico and South 
'Amel:;'ca native hors~'s existed when whit'e men arrived in the 
N ew World. No sufficient proof has been 'produceq. in favor of 
such statements. Inasmuch, on the other hand, as no ,'authentic 
specimens of fosssil horse remains have been reported from 
any deposits overlying the latest sheet of drift, the Wisconsin 
Fig, 48, Map showing localities where remains of fossil horses have been found In the 
Unite:l states a,nd the relations of these localities 
to th~ various drift-sheets, 
' (Fig. 48), the writer believes that at leasUn the glaciated region, 
so well fitted for the "mammoths, the mastodons, and the giant 
beaver, there ' existed no species of horse. It, further, seems 
extremely doubtful whether any remains of a fossil horse have 
been found in any late Pleistocene deposit in the region outside 
of that occupied by Wisconsin drift. However, future investi-
gatiohs must settle this question. 
inasmuch a-s remains of fossil. horses have been found at 
many 10Galities in Iowa, eS1?ecially along the western botdgr and 
,. 
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are likely to be found anywhere except where the state is covered 
with Wisconsin drift, it might appear proper here to describe 
and figure the principal parts of the skeleton. This is, however, 
less necessary because not only the teeth but also bones of all: 
foss~l horses resemble . closely the ~orreBponding parts of our . 
domestic ·horses. Almost anywhere in the state, with a ljttle 
. t.rouble, one may find the skelefon of some domestic horse and 
with these one may compare any fossil teeth or bones that may 
be suspected to belong to a horse. Teeth of fossil ' horses are 
most likely to be found; and it is b oped that the many figures of 
these presented in this treatise may enable the finder to deter-
mine whether or not what he shall find belonged to a horse'. 
One may easily judge whether any bones found are of a size be-
fitting those of a horse and one may then proceed to make a 
comparison . 
. On page 180 will be fou:p.d a figure of a skeleton of a fossil 
horse which was fomid in Texas. It will be sufficient to show 
the general 'form ,of most of the bones. It will be seen that the 
lower jaw is quite characteristic, The humerus may be dis-
tinguished from that of any oxlike animal. by the fact that there 
are two deep grooves at the upper end in front for the passage 
of tendons instead of one. The nearly cylindrical metacarpals 
and metatarsals are quite different from those of any ruminant 
animal. The f!)mur differs from that of any other large animal 
likely to be found in Iowa in having a prominent process on the 
outer side aoout one-third the length of the bone from the upper 
end. The form of the astragalus will be seen in figure 43, page 
144.. The hoof-bones may be recognized by anybody. ' 
The following species of horses have been found either with-
in the limits o£ Iowa or ,so near them as to make them of inter-
est and ' they are therefore described. 
Equus complicatus Leidy. 
In 1847 Dr. 'Joseph Lei'dy ,based a species of fossil horse, called 
Equus americanus, on twelve specjmens of teeth which had 'beep. 
' sent hirp. from Natchez, 'Mississippi (Proc. Phila. Acad. Nat 
Sci., Vol. III, p. 265, pI. ii). Later, having learned that the 
name americanus had been applied, to a fossil horse from South 
• 
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America, he adopted . for his species the name complicatus. In 
1869, however, he abandoned this 'name and accepted a name, 
Equus major, whiQh had been proposed in 1842, by J. E. DeKay, 
. for a fossil ho{'se. The latter mime had, however, never been 
defined and had no nomimclatorial standing . . Dr. Leidy, never-
theless, continued to use it ever afterwards. 
In 1901 Mr. Gidley selected'as type specimen of Equus com-
plicatus the tooth which Leidy had figured in 1847 (Figs. 49, 50). 
~ 
Fig. 50 Fig. 49 
Figs. 49, 50. Equus complicatt(s. Views of the type, of an upper left ' molar. Slightly 
less than natural size. 
49. Grinding surfa ce of the tooth. 
00. Side view of the tooth. 
Leidy and others at various times assigned to this species re-
mains, some of which undoubtedly belong to other species, while 
it is probable that some specimens that have been identified as 
E. fr.aternus b.elong really to E. complicattts. Indeed, it is prob-
able, as concluded by Gidley, that the type of Equus fraternus, 
chosen by Cope, belongs really to Equus complicatus. It is 
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evident that in the region of the South Atlantic and Gulf states 
there existed at fewest three species of horse, one of large, one 
of intermediate, ana. Qne <;>f . small size. Unfortunately these 
species are at present knoWn to us almost wholly by their teeth; 
and as the teeth of all the species varied ' somewhat in size in 
different parts of the jaw and in different individuals, it is not 
possible in all 'cases ~o determine with certainty to which spe-
cies some teeth bel(;mg. It happens, too, that the enamel in both 
the large and the small teeth, had assumed a rather complicated 
and similar pattern. ' 
Under the circumstances it has seemed pl'oper for the pres-
ent to refer to E quus fraternu~ the large teeth found on the At-
lantic slope, while other 'names are to be applied to the horses 
of middling and small sizes. Equ~ts complicatus is then to be 
used for certain horses of' the Mississippi valley. It is greatly 
to be desired that more satisfactory remains of the large horse 
that roamed on -the Atlantic slope shall be discovered, so that 
we may determine its relation to Eqwu,s complicatus. In 1870, 
Professor Oope (Trans. Anwr. Philos. Soc., XIV, p. 250) men-
tioned a skull that had been found at Pea Shore, near Oamden, 
New Jersey, but this skull has .apparently been lost. The writer 
agrees with Mr. Gidley that Oope's Equ1-tS intermedius (Proc. 
Amer. Philos. Soc., Vol. XXXIV, .p. 4,63, pI. xi, fig. 8), found 
at New Iberia, Louisiana, is the same as Eqwu,s complicatus. 
There are no essential differences and the types of both are 
from places near each other. Therefore, the fragment, of upper 
jaw with the two hinder premolars and all three of ihe molars 
which served as Oope's type of E. intermedius may be used in 
defining E. complicatus. The enamel of E. inter.medius is not 
so much crimped as is that of the type of E. complicatus,. but 
that is probably due ,to the fact. as Gidley has remarked, that 
Oope's type belonged t,o an older individual and was worn 
down nearer t4e roots. ' 
In the type of E. complicatus (Fig§). 49, 50) the grinding face 
is 32 mm., fore and aft, and 27.5 mm:, transversely, neglecting 
the ce~en,t. The internal column (protocone) equals sixty per 
cent of the transverse wiclth of , the toqth. The height of the 
crown is nearl~ 100 rom., and it is co?siderably curved. 
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The following are 'the dImensions of the teeth of th~ type of 
E. intermedius, as determined from Cope's figure. Cope gives 
the length along the crowilsof the teeth 143 ·mm., but this seems 
to have been taken on the outer border. The measurements 
here given are taken 'about the middle of the fact). Cope's illus-
,tration of his E. intermedius is here reproduced (PI. IX, fig. 6). 
MEASUREMENTS OF UPPER TEETH. 
From front of pm.' to rear of rn' ___ . ____________ : _____________________ 141mm. 
From front of m.' to rear of m 3 ______________________________ ..:_____ __ 84mm. 
Pm.', length ______________________________________________________ -___ 29mm. 
vvidth __________________________________________________________ 31mm. 
protocone ______________________________________________________ 15mm. 
Pm.' length _______________________________________________________ .:.__ 29mm. 
vvidth ________________ :.. _____________________ ______________ .-_____ 29mm. 
protocone ___ _____ . _____________________ ~ _______________ . ______ .___ 18mm. 
length _______ .:. ______________________________________ ~-------__ ..,_ 2Smm. 
vvidth __________ ~ ___ . ________________ ~___________________________ 28mm. 
protocone ________________ . _______ :-____ __ __ __________ ~ _________ .__ 16mm. 
M.', 
M. 2, length ________________ ~~ __ ~ _____________________ ~_______________ 27m"!'ll. 
vvidth _______ ~ ____________________________ ~ ____ ~ ________ ~---_____ 25mm. 
'protocone _____________ : __ _______________ .: ______ .!:. ________ ~______ 15mm. · 
M. 3, length ___________________________ ____ _____ ______ __ ____ __________ ·31mm. 
vvidth __________________________________________________________ 22mm. 
protocone ___ ________ __ _________________________________________ 16mm. 
The maxilla itself does not furnish any valuable character 
for distinguishing the species. The postpalatine foramen is 
opposite the front end of the last molar. 
Cope described and figured the ' front end of the lower jaw 
with all the incisors present, and his figure is here reproduced. 
(PI. IX, fig. 5). The outer incisor has 'no posterior wall for its 
cup, while in the other incisors the cups are completed. The 
teeth are .larger than the corresponding ones of, the common 
horse, the first one havjng a transverse diameter of 21 mm. · 
The lower jaw is remarkably . narrow at or j:ust behind the 
middle of the symphysis, being here only 34 mm. wide, while 
at the base of the outer· incisor the Width is 63 mm. In an 
Arabian horse belonging to the. U. S. National Mu~eum the 
width at the narrowest part of the symphysis is 37 mm.; at 
the base of the outer incisors, 60 mm. . 
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Dr. Joseph Leidy, in 1889 (Trans. Wagner Inst., Vol. II, p. 
37) described some' teeth of a horse which had 'been found at 
Petite Anse near New Iberia, Lousiana. One of . Leidy.'s fig-
ures is here repToduced (Fig. 51). It agrees in aU .essential 
respects with the tooth which' stands as the type' 'of t~e species. 
l 
Fig. 51. EqUU8 complicatt!8. Premolar from P etite Anse, Loui~iana. Xl. After Leidy. 
The tooth is eviden~ly a premolar. Its height is given as 70 
mm.; the length of the grinqing face, 31.5 mn;t.; the width, 31 
mm. 
. '. 
The :five lower cheek-teeth found at Petite Anse, Louisiana, 
1, . ~ ~ J " 
mentioned by L.eIdy (Trans. Wagner Inst., Vol. II, 'p. 38) are 
9in the U. S. National Museum, No. 707. ' The,se appear to be-
long to three individuals; prp..s, and pm'4' of the left side 
of one (Fig. 52), a right m'l, of another, and m'l (Fig. 53) 
and m.2 , ' of the right side of a third. Two other teeth, num-
bered 705, aTe the second and third right premolars (Fig. 54). 
The follovving measurements of these teeth are taken, the ce-
ment coating being neglected: 
MEASUREMENTS, OF TEETH. 
.J. .. 
Tooth Fore and aft Transverse \. 
rom. rom. 
Pm .• 34 18 
Pm .• 31.5 18 
M.t ',. 28 16 
M.2 ,28 16 
It will be ' seen that in siz~ . these teeth agree v.ith the ' upper 
'ones of E. complicatus. Compared With those of a domestic' 
horse, they are somewhat long.er fore and aft. The premolars; 
are a little wider 'than th9se .of the domestic hOl'se,. while the 
11 
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molars are slightly narrower; but individual differences may 
be concerned here. 
Figs. 52-56. 
52. 
53. 
54. 
55, 
56. 
Fi5.52 
Fig. f4 
EqUU3 complicatt'3. 
EqUU3 complicatu8, 
EquU3 complicatu3. 
Fig. 53 
Fie. 55 Fig. 56 
Third and fourth lower premolars of left side. Xl. 
First lower molar of right side. Slightly less than 
natural size. 
Equ;us complicatus. Second and third lower premolars of right side. 
Slightly less than natural size. 
Equus complicatu3. Upper left , premolars 1 to 4 and molar 1. From 
Illinois. Sligbtly less than natural size, 
After Leidy.· 
Eqtlt<3 'compZicatu3" Lower milk molars of right side. No. 10059 Ameri-
can Museum Natural History. Slightly iess 
,than natural size. 
" 
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In' none of these t"eeth does the outer valley get in between 
· tlie ends of the two longitudinal ' valleys. It will be observed 
that this outer valley sends backward a little loop, the so-called 
protostylid. This is found also in the domestic horse. The 
enamel ridges are somewhat more crimped than in. the domes-
i.c horse. The inner boundary of the hinder longitudinal valley 
is not straight, but is pushed outward about . the middle. 
Whether' or not theS"e features are of specific · value, we' cannot 
· yet be certain. 
In 1889 iDr. Leidy (Trans. Wagner Inst., Vol: li, ·p.39) de-
scribed a ' specimen consisting of a part of the left upper jaw 
containing all four premolar teeth, and supposed by him to be-
long to Equ1us major, his later name for Equus complicatus. 
This had been discovered many years before in a bog on the 
boundary line 'between Bond and Fayette counties, Illinois; 
but the exact locality and the depth where found were not 
· given. This specimen is now in the collection at Springneld, 
Illinois, and the wnter, through the kindness or.Dr. A. R. 
Crook, has been permitted to examine it. The complication of 
the enamel appears to be greater than in the common horse 
and to be like that of the type of E. complicatus. In giving his 
measurements Dr. Leidy included the cement. These measure-
ments , are here corrected so as to exclude the cement . . Leidy's 
figure of the teeth is .here reproduced (Fig. 53) : 
. MEASUREMENTS OF TEETH. 
Tooth - Height Length Width 
rom. rom. rom. 
~ 
. Pm.' 8.5 5 
------------Pm. ' 
------------
41 27 
Pm." 68 31.5 30 
Pm.' &3 31 28.5 
Although the first premolar was . present in this specimen, 
there. was no trace of the canine at a distance of three and. one-
. fourth inches in front of the premolar. ,In. a large specimen of 
the domestic horse the . canine. io only two and three-fourths 
inches in front of the premolar . . Possibly the canine had not 
been present. 
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Nothing certain is known about the mHk teeth of this' species. 
Figure '56 shows the lower milk molars of the right · side which 
were found by Mr. J. W. Gidley in Tule canyon, Briscoe county, 
Texas, within three miles of the .locality where the type of 
Equus scotti was discovered. It might be' supposed that these 
teeth belonged to a colt of E. scott?, but they differ considerably 
from the corresponding teeth qf one of the five specimens 'of 
the latter species found with the type, as may he seen by com-
paring the figures shown here with figures on page 187. They 
'are the:r:efore referred provisionally to . Equus complicatus. 
To wha.t extent such teeth may vary within the same species 
we do not yet know. Figure 56 is from No. '10591 of the Amer-
ican Museum of Natural History. 
Up to the present the skull of this,.species is known only from 
fragments. In the U. S. National Museum is a fragment, No. 
709, which presents most of the zygomatic arch and the' hinde'r ' . 
b0undary. of the orbit. The specimen is from Petite Anse, near 
New Iberia, Louisiana. The zygomatic arch, where narrowest, 
just ,in front of the articulation for the lower jaw, is 32 mm. 
wide, just equalling that of a specimen of E. caballus. The 
postorbital bar, where narrowest; is 28 mm. wide; that of the . 
domestic horse is 35 mm. wide. . 
. In the U. S. National Museum, No. 7i1, from Petite Anse, 
LouiSIana, is the symphysis of the upper jaw, with the alveoli 
of the incisor teetp; Immediately hehinli the last incisors the 
width of the jaw is 70 mm.; that of a domestic horse (No. 843, 
U. S. National Museum) being , 74 mm. The premaxillary 
suture extends backward 58 mm. ; in the domestic horse, 44 mm. 
The bone near the hinder end of the symphysis ' is 28 mm. 
thick, in the domestic horse only 22 mm. 
1fo. 710, U. S. National Museum, from Petite Anse, furnishes 
the articulation of the under jaw and the hinder border . of the 
jaw for about 150 mm. below the articulation. A featu.re to be 
remarked is the thickness of this hinder border. When com:' 
pared 'with the jaw of a domestic hor~e of the ~am~ size, it 'is 
found that in the l~tter, 100 mm. below the articulation, the 
" 
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bone-is iq mm, thick; in the fossil, it is 22 mm. urick. ·; Af 150 
mm. below the articulation the bone in the domestic horse' is 15 
mm. thick; in the fossil, 29 mm. .Doubtless · in all these str)lc-
tures there is great variation within the sp:ecies and not too 
m,uch reliance ~ust be placed at present on these characters' 
in ' irI~ntifyi,ng remains. . It may be said that nothing is known . 
which indicates _ with certainty differences betWeen the .skull of 
Equus complicatus .and our domestic horse unless it .be the very 
narro'Y mandibular symphysis. Little is known regarding the 
form and proportion of t.he . re~ains of the skeleton. ." . 
From Petite Anse, Louisiana, there is in the U. S; National 
Museum, No. 703, the distal end of a right humerus. It appears 
to differ ·in no way from that of the Arabian horse, except that · 
it is ' slightly larger,measuring 85 mm. acros's the articular sur-
face a t the 'lower end, the Arabian measuring 81 mm. No other . 
skeleton of E. caballus "is at hand for comparison. It is ob-
served that the outer ridge bounding the Gavity for re~eiving 
the olecranon maintains an equal width, 23 mm., from the lower 
to the llPper end; whereas, in the Arabian horse this ridge is 
33 mm. wide below and only 18 . mm: above. On the inner face 
of the bone, at ·the lower end, the greatest width,' fore and) a~t, . 
is 93 mm. 
No. 702 includes the right :r:adius, lacking a few inches of the 
middle of the shaft. The upper end fits the humerus,· No. 703, 
so accurately that both bones were probably parts of the same 
individual. The extreme width of this upper end of the bone 
is 95 mm.; in .the Arabian horse. 80 mm. The greatest diam-
eter 6f the shaft, 125 mm. below the head, is 49 mm.; the short-
est · diameter, 32 mm. In the A.rabian horse these dimensions 
are respectively, 41 mm. and 31 mm. The shaft of th'e fossil is 
thus seen to be somewhat· flatter than in the Arabian horse. 
The surface for the outer condyle of the humerus is narrower' 
fo~e and aft than in. the Arabian horse, measuring, at the 
middle d(the length in the fO'ssil, 25 ·mill.; in the Arabian horse, 
28 mm. The distal end of the radius has a'n extreme ~dth of 
83 mm.; in the Arabian horse, 79 mm. On the anterior sur-
face of thi~ lower end the external groove for a tend.on is plac.ed 
nearer the outer border of the bone than it is' in the domestic 
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, horse; and a' pr.ominence, which in. the latter, is near the· middle 
of the anterior surface, is, in the fossil, much nearer the outer. 
border . 
. No. 723, U. S. National Museum, from Petite Anse, presents 
the bone surrounding the acetabulum. ' The long diameter of 
this cavity is 72 mm. The bone does not permit a section be-
ing taken in front of the acetabulum, but the upper bordet of 
the bone is more rounded than i'n the Arabian horse. , From 
the upper edge of the acetabulum to the upper border of the 
ilium is 54 mm.; 'while in the Arabian horse, a smaller ~nimal 
evidently, the distance is 57 rom. The pubic bone is much thin-
ner in front . of ,the obturator foramen than in the Arabian 
horse, being, in the former"17 mm. wide, in the latter, 23 mm. 
Measured 25 mm. behind the acetabulum, the ischium is 43 mm. 
high, whil~ in the Arabian horse, the bone is only 36 mm. high. 
In the U. S. ·N a tiona'l Museum is the lower end of the left 
tibia from Petite Anse, No. 704. It measures from side to side ' 
85 mm.; from front to back on the inner side 51 mm. I.n the 
Arabian norse these dimensions are respectively 81 mm: and 48 
mm. No other'differences are observed 'in this part of. the tibia 
of the two .animals. 
TEETH OF EQUUS aOMPLIOATUS FOUND_IN IOWA . 
. ' 
To this species I refer certaill teeth that have been discov-
ered in Iowa. One of these (No. 116) was described by Calvin 
(Bull. Geo~. Soc. Amer'., Vol. XX, p. 345, pI. xvjii, figs . l-i 3) . 
It was found in the Cox pit, near Missouri valley, Harrison 
county. Calvin's figures are here reproduced (PI. X, fig~ . 1, 3) , 
and a pen drawing (Fig. 57) is furnished which shows more 
distinctly the arrangement of the enamel. This.is an upper.left 
premolar, either , the third or. fourth, .and has the following, ,di-
mensions:, ·Height of crown, 88 mm.; length" 31.5 mm. ; width, 
32 mm,;' length , of protocone, 17 mm.It is about as much 
curved as the type tooth (Fig. 50), probably just .a little less. 
The anterior and posterior pillars are broken off near the sum-
mit of the, tooth. , In the drawing (Fig. 57) this is , restored ,from 
a' ·lo:wer -level of the tooth. 
. , 
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Figure 58 represents the grinding' face of an upper left' true 
molar (No. 122b) , either' the first or the second. It was found 
m an Aftonian gravel , pit at Turin, Monona county. It has 
Fig. 5' 
Fig. 58 
Fig. 61 Fig. ·SO Fig. 59 . 
Figs. 57-61. Equua compUcatu8. 
57. GrIndIng surface of left upper premolar; Xl. No. 116 State UnIversity 
. . ' of Iowa; ' . . 
58. Upper left molar. Xl. No. 122b State University of Iowa.. _ . 
59. Lower left molar or premolar. Slightly less than natural SIze . . No. 261 
State UnIversity of Iowa. . 
60. Upper left cheek-teeth. X .726. No. ·220 State University of Iowa. 
61. Lower rIght cheek-teeth. X .726. No. 219 State University of Iowa. 
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the following dimensions: Height, 83' mm.; length, 30.2 mm.; 
width, _ 28 , mill.; protocone, 13 mm.· "The tooth appea~s , to' be 
slightly m0re curved than the. type to~th; : If the arrangement 
of tJ;te enamel of these two teeth be compared ,with. that in the 
type tooth, it will be seen that no important differenceiq~xist. 
Nevertheless, the pattern in all three resembles closiely that 
found in the upper teeth of E. scotti. ' I , ;..-
Figure 59 represents the grindin'~ fa<{e of a left lower , tooth 
(No. 261), probably a premolar . .... It was found in , tp.~'. Cox 
gravel ptt at Missouri Valley, lIar,rl.soil, , 'County. It)i l'lttle 
w<;>rn d.@"Wn and shows the following dimensions: HeIght- of 
c:r:o~:, 80, mm.; l,ength, 33 mm.; .width;- l7-' mm. This ,tOQth ap-
pears to 'agree .closely with the lower ,teeth from L'ouisi~~fhere 
represented '(Figs. 52, 53, 54) and beli,e.ved ,t'o belong to E. com-
pl~oatus. ::" f' '. , '. < ' 
In the collection of the Iowa Un~ver.sity, with the ·catalog 
numbers-219 'imd 220, is a specimen consIsting of the left..u,Pper, 
and right lower cheek-teeth. The number 219 ~ a~sigIl.ed 
, to the lower teeth, 220 to the upper, ' The 'lower teeth a~e in 
I , , 
place in a' part or the lower jaw.. These teeth were desc,ribed 
a1nd figured by ,Professor Oalvin in his paper entitled Aftonian 
¥ammalian, Fauna (Bull. Geol. Soc. Amer., ' Vol. xx, '1908, p . 
3M; , pL "):viiJ ' :(igS: l, 2). The animal was id,entified :by ;him as 
Equus , 'SC6~(i'. We are told in that cori:lI~:l.U.mcation that these 
teeth were found by Mr. E. L'. Gladwin 'w4ile grading a road 
in section 35, Lyons township, Mills -comity';" "Prof. B. 'Shimek 
(BulL Geol. Soc. Amer:, Vol. XXI, p . '138.) i'nforms ~s' that the 
10calityJ,s j;n ,.the east one-half of section 3Q,; t,ownship' 71 north, 
rang~ 43 ves~. It is stated by Oalvin that a: considerable part 
of the skeleton was present, but the bo~es were too" son for 
pres¢rvati,on:' The matrix was a fine 'Qlue clay, a bed of silt; 
and this ', bed" is regarded as belonging ' to the Aftoni~n., 'The 
presence Of this skeleton with all these teeth ~nd so man'y ,oones 
associated furnishes evidence that the animal was in its -,otig-
inal place of burial and had not been redeposited from , some 
older formation. Oalvin speaks of this specimen as the ' " Glad-
win horse. " 
, , 
,.' 
.. 
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The present writer prefers to refer this specimen to Equus 
com.plicatu8 rather than to E. scotti, because he knows of no 
means of distinguishing the teetL of the two forms and ~s in-
clin'ed to believe that both belong to the same species: Later 
studies may show that they are distinct. Inasmuch as the ,pres-
ent specimen presents some peculiarities it is described and 
figured with some detail (PI. XI, figs. 1, 2; text figs. 60, 61): 
The following measurements are taken from the teeth of this 
specimen. It must be stated that the horse was rather old and 
that the teeth are worn down to about one-half their," original 
lengths. 
MEASUREMENTS OF TEETH OF GLADWIN HORSE, 
Upper Teeth. 
Length of premolar.molar series ______ L _________ :. __________________ _ 190 mm. 
104 mm. 
86 mID. 
Length of premolar series ..: ____ .,. __________________ '-_,...: ______________ _ 
Length of rp.olar series __ ~ __________ ~ _______________________________ _ 
I . 
Pm, 2, ree~~~~ =======================i=====================~========~= , ~~,5= width _________________________________________________________ ' ,27 mm., 
protocone _____________________________________________________ 10 mm. 
Pm.', height ______________________ .,. ____________________________ :... ___ _ 
length ______________________________________ ~ _________________ _ 
, width __________________________________________ ~ ____ ..: ________ _ 
protocone ..: ________________________ ~----~----------------------
Pm.', re~~~~ _======~=============~==========~====================~===, width ________________________________________________________ _ 
" protocone _________________________ ' ___________________________ _ 
, , 
48 mID. 
31 mID. 
30,5mm. 
14 mID. 
53 mID. 
29.5mm. 
31.5mm. 
16.8mm. 
M, " height ___________ ' _______ -' _______________ "' _______ .:_____________ 39 mm. 
length __________________________________________________ -"______ . 26 mm. 
width _________________________________________________________ 30 mm. 
protocone ______________________ ,.______________________________ 14 mm. 
M, 2, height ______ ~--------------------.:.~--------~-------------~--__ 43 mm. length _____________________________ :.. __________________ :. _____ -"_ ' 27 , mm., 
width ___________________________ .!_____________________________ 27.5mm. 
protocone _______________________________ .:._____________________ 14 rom. 
M.·, height -----:...---------------------___________________________ -_ 53 toni. 
~lt~ _=======================~============================~=== ~~ =: protocone ________________________________________ .:____________ 15.5mm. 
Lower Teeth. 
Length of premolar.molar series _____ :. __________________________ ~__ 194 IDIil. 
Length of premolar series ____ . _____________________________________ , !}8 mm. 
Length of molar series ______________________________________________ 96 mm. 
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Pm .• , height , ________ l.._______________________________________________ 29 mm. 
length ________________________________________________________ 37 mm. 
width ___________________________________ :.._____________________ 18 mm. 
Pm.s, height ________________________________________________________ 39 mm. 
length _____ ~------------------------------------------------___ 31 mm. width _________________ ________________________________________ 18 mm. 
Pm .• , height _______________________________________________ ' ______ ---
length _____________________ ,____________________________________ 30 mm. 
width ________________________________________________ ,_________ 20.5mm. 
M.
" 
height _____________________ ...: ________________________________ -- 44 rom. 
length __________________________ :.. _____________________________ 28 .mm. 
width ____________ ~____________________________________________ 18 mm. 
M." 
height _______________________________________________________ _ 
length ________________________________________ :.________________ '28 mm. 
width ______ .: ________________________ :.__________ _______________ 16.5rom. 
M. s, re~~~~ _============~=================================.========== 37 mm. width ___________________________________________________ .:. _____ 14 mm. 
: The teeth of this horse are remarkable on account of the 
great thickness of the coat of dement. This is especially tb~ck 
on the external columns of the upper teeth; and as a conse-
quence. the grooves between these cement-covered c<;>lumns are 
deep and narrow. 'In the type of Equus niobrarensis the ce-
,ment adds 2 mm. to the width of the last upper premolar, while 
in this specimen it adds 3 mm. The enamel, too, is very heavy, 
being thicker than in specimens of the domestic horse, nearly 
#. twice as thick as in the type of E. excelsus~ and thicker than in 
other specimens of E. ·com.plicatus at. hand . 
. As to the disposition of the enamel on the grinding face ' of 
the tee~h, it may be said that the pattern is rather ,simple. 
There is an unusual difference in the arrangement of the en-
amel around the lakes of the premolars and those of the molars. 
In the premolars the arrangement is very similar to that seen 
in E. niobrarensis, but there is rather less folding of the enamel 
around the anterior lake. In both the lakes of each premolar 
there is a front and a hinder notch. In the molars the pattern 
of th~ lakes. resembles a good deal that of E. excelsus, The an-
terior lake has no notch in its front border, and the posterior 
has only a minute notch in its hinder border. 
Notwithstanding the great' di~erences which these teeth pre-
sent when ' compared with undoubted speci~ens of Equus com-
p:licatus, the 'YI'iter proposes to refer it to 'that spec.ies.It may 
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be regarded as probably furnishing the extreme limit in varia- . 
tion in the direction of simplicity of arrangement of the enamel. 
This simplicity is due probably to sorrie extent to the approach 
of the grinding surface to the bases of the teeth. On account· 
of this simplicity in the enamel, . its gr'eat thickness, and the 
great breadth and prominence of the styles of the upper teeth 
and the great thickness of the cement on all the teeth, ther.e is a 
temptation to regard the specimen as belonging to ·an unde-
scribed species. On the whole, however, this course does not 
seem to be advisable. 
A tooth bearing the catalog number 262 is a large lower left 
premolar, probably the' third (Fig. 62). It was discovered near 
Pisgah, Harrison county, in the Peyton gravel pit. The tooth 
is only moderately worn and is in good condition. The height 
is 80 mID.; the length, 34 mrq..; .the width, 19 mm. The size of 
the to.oth and the arrangement of the enamel agree so closely 
with a corresponding premolar of Equus complicatus found at 
'New Iberia, Louisiana, (Fig. 52) that there is nothing else to 
do than to refer it to the same species. 
There is a second tooth in the collection which has the num-
'ber 262 and ,which was found lik~wise in the Peyton pit. Not 
improbably it appertained to the. same individual. It belonged . 
to the left side of the lower jaw and seems to be either the first 
or second molar. The height is 56 mID.; the length, 29 mm.;· 
the width, 16.5 mm. The arrangement of the enamel is 'essen- , 
tially the same as in No. 127, but its thickness is not so great. 
The tooth bearing the number 132 was found in the Cox 
gravel 'pit at Missouri Valley. It belonged to the left side of 
the lower jaw and is probably a second molar. It was men-
tioned by Calvin in his paper on Aftonian Mammals (Bull . 
. Geol. So~. Amer., Vol. XX; p. 3;18, pI. xix, figs. 1, 3).. Calvin's 
figures are bere 'reproduced ' (PI. XII; figs. 1, 3) and a pen 
drawing is presented (Fig. 63). This author reg.arded it as be-
longing to the ::lame species as the Gladwin horse, E. scotti: The ' 
present writer is disposed to refer both these specimens to E~ 
complicatus. The tooth ' had . only begun to wear. its"height, 
not· including the roots, is -85 mm. i the length, 31 mm. ';" the" 
width, 16 mm: However; the width would on further wear soon' 
• 
/' 
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have been somewhat greater. The enamel is arranged very 
much like that of the tooth of our figure 52-, and like the toqth 
numbered 262. It will be observ,ed from Calvin's , illustration 
tha t ,the tooth was diseased ,on the inner face. 
The tooth which has the, catalol! number 134 is a lower left 
last molar. It was secured in , tlie~ Cbx pit, ' at Missouri Valley, 
Harrison county, It is only moderately worn and is in fi~e ' 
condition of preservation'. The tooth i's curved backwatd. The 
height is 75 mm'.; the length, 36 mm.; the width, in front, '15' 
mm. The outer inlet is broad and furnished with a loop, the 
so-called protostylid, in its hinder border. The inlet does not 
push itself between the two longitudinal valleys. The heel is 
thin and prolonged backward. The tooth is referred to Equu-s 
complicatus. Figures are ,here l'resented showing both faces 
of the tooth. Some of the cemel1t is still retained (PL XIII, 
figs. 1, 2). " 
A tooth which bears the catalog number 131 was found in the . 
Cox gravel pit, at Missouri Valley. It was described and fig-
, ured by Calvin (Bull. Geol. Soc. Amer., Vol: XX, p~ 349, pI. 
xix, figs. 2, 4). He referred it to Equ~ts cornplicatus and the 
present writer is content to agree with th.e determination. The' 
tooth is a true molar, 'probably the second, of , the left side of 
the lower jaw. It is only moderately worn down and is in good 
preservation', excep,t that a portion , of the ' hinder part 'of the 
base is ,split off. The height is 80 mID.; the length, 29 mm.; the 
width, 17.Q mm. The disposition of the enarpel resembles much 
that of t4e second molar of No., 127 (Fig. 64), but the lines of 
enamel are not so beavy. As in No. 127 the outer inlet pushes 
in between the ends of the longitudinal valleys. Calvin's fig-
ures are here reproduced (PI. XII, ~gs. 2, 4). 
,The number 127 has ~een given, to a fragment, of the right 
ramus ' of the lower jaw with the last two molars (PI. XII, fig. 
6). The specimen was discovered in the Cox gravel pit, at 
Missouri Valley, and was described by Professor Calvin (Bull. ' 
Geol. Soc. Amer., Vol. XX, pI. 'xlX, fig. 6). He referred iLto 
Equus complicatus, and the pr~sent writer believes that his as-
signment of it is correct. r,rhe 'aILimal ~as an old one and the 
teeth are worn down to half their original height. 
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The following are the measure11lents: 
~EASUREMENTS OF TEETH OF SPECIMEN 127. 
, . 
-
Tooth Height Length Width 
rom. rom. rom. 
. 
M ' 2 50 28 17 
M. 40 37 15 
These teeth, the second mplar of which is here figured (Fig~ . 
64), 'differ in one respect, perhaps important; this is, that tl1e 
outer inlet of. enamel pushes itself inward beyond the midline 
of the tooth and between the adjacent ends of the two lQngitud-
inal valleys. There. are at hand six lower teeth that can be 
assigned with co~siderl:!-ble certainty to Equus complicatus. 
These are' from N ew Iber~a, Loui.;iana, 'and one of them is here 
figured (Fig. 53). In none of these does the outer inlet reach 
SCi far inward. Whether it may have done so in some indi", 
viduals cannot now be deter;mined. In the length of this inlet, 
the specimen, No. 127, resembles the domestic horse, in the true 
molars of ·which · the inlet in question is interposed between 
the longitudinal valleys. .The second molar of a large gelding 
in the U. S. National Museum has the same length ·as that of 
the specimen here described, but the width is . only . 15 mm. 
'Also the outer inlet is considerably nearer the middle ' of the 
length of the. ~ooth than in No. 127. 
Fig. 62 . Fig. 63 Fig. 64 ~ig . 65 
I~igs. 62-65. Equus complicatus. Xl. 
62 . Lower left premolar. No. 262 State University of Iowa. . 
63. Lower left tooth, probably second. molar. No. 132 State University ot 
. Iowa. .. . 
64. Lower right second molar. No. 127 State University of Iowa. . 
65. Upper right tooth, fOUrth premolar? No. 118 Stat.e University of Iowa. 
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Number 328 of the collection at the State University of Iowa is 
a left lower molar which appears to belong to Equus compli-
catus. It, too, was collected in the Cox pit, by Shimek. , 
In the collection is found a large second lower premolar of 
the right side "which had not yet come into use; so that what in 
a worn tooth appear as' dent.ine areas are here rounded cusps 
covered with enamel and a little cement. The specimen was 
discovered in the Cox pit, at Missouri Yalley. It has the cata-
logue number 120. Views are here presented of both faces of 
the tooth (PI. XIV, figs. 1, 2). The height of the tooth is 68 
mm.; the length, 41 mm.; the width, 15 rrim. The tooth had 
probably not reached its full height. " Naturally, in the unworn 
condition of the tooth the details of the , foldings of the enamel 
cannot be made out. Nevertheless, the size of the tooth indi-
cates that it belongs to none of the known extinct horses, un-
less it be E quus complicatus or lJossibly E q'l.tUS scotti. 
Tooth No. 118, from Cox pit, Mi~souri Valley, is a right up-
per -tooth, perhaps the fourth premolar, of an old horse. It 
was referred by Calvin (Bull. Geol. Soc. Amer., Vol. XX, p. 
345, pI. xviii, fig. 6) to Equus scotti. The height of the tooth 
" was gi.ven as 38 mm.; the length of the grinding face, 32 mm.; 
the width as the same. As in other cases, Calvin included the 
cement and measured on the extreme outer border. As deter-
mined by the present writer, the dimensions are: Height, 38 
rom.; length, 29.8 mm.; width, 32 mm.; protocone, 15.5 mm. 
(PI. X, fig. 6). 
The most remarkable feature about the tooth is the excessive 
folding of the enamel. This affects not only the lakes but like-
wise to sO,me extent the' walls of the post-proto conal valley. 
The foldings of the enamel can best be understood from the 
drawing ('Fig. 65). One is reminded of the teeth of Cope '13 
Equus fraternus pectinatus (Jour. Acad. Nat. Sci. Phila.,' Ser. 
2, Vol. XI, pp. 25"5, 257) found in' Port Kenn~dy cave, Penns~l­
vania. A figure of the type specimen has been given by Gidley 
(Bull. Amer. Mus. Nat. Hist., Vol. XIV, p. 135, fig. 23), who , 
recognized it as a distinct species. The pres.ent tooth differs 
from it in 'having a much broader protocone; although this 
character " may not 'be distinctive. For the p'resent the ' writer 
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prefers to regard the tooth as having belonged ·to an individual 
of Equu,s cornplioatus which possessed teeth with unusually 
strongly crimped enamel. 
The specimen bearing the numbe! 282 presents the oute:r half 
of the crown of an upper true ~olar of the left side. It was 
found in the Elliott pit, Turin, Monona county. The . tooth had 
only just begun to be worn. . The 4eight is 90 mm.; the length~ 
32 :{llID.. at the summIt; 29 mm. at half the height. The lakes 
are both preserved. There is it good deal of folding in the 
enamel around the lakes. There appears to be no reason for 
refusing to refer the tooth to Equus cornplicatus. 
In the collection are three teeth which were found in the 
Whitman pit about five miles . south of Rockport, Atchison 
county, Missouri. The locality i~ in section 22, township 64, 
range 41. It seems to be on Nishnabotna river. 
No. 364 a is a right lower molar or premolar, probably the 
former, which had not yet been cut. The height is 80 mm.; the 
length, 34 mm. ; the width, 18 mm. On account of its size it is 
referred to Equus complicatus, admitting, however, that it may 
belong to Equus scotti, if this s.hould be found to be a distinct 
species. 
A second tooth in the collection is numbered 364 b. It be-
longed to the right side of' the lower jaw and is probably a pre-
molar, the third or the fourth, probably the third. It was rela-
tively little worn during life, but it has been rolled and polished 
after death. The height of the tooth is 98 mm. ; the· length, 34 
mm.; the width, 16 mm. The, adjacent ends of the two longi-
tudinal valleys almost touch and · or course exclude the 'outer 
inlet . . 
In lack, of evidence to the contrary the tooth is referred to 
E quus complicatus. 
A third tooth, bearing the number 364 0, is the last true molar 
of the left side of the lower jaw. The crown is curved so that 
·the front border is oonvex, the hinder concave. The tooth had 
. ' .not ~ been gre~ tly worn. ' The heigp.t is 77 mm.; the length, 36 
. mm .. ; th.~ width, in. fr.ont, ~4 .mm. The outer inlet does · not 
press' itsel~ 9e;~w.~en. ~he longitudinal valleys. It is brpad l:j:nd 
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has a: loop' in its hinder border.. The heel of the tooth, or the 
entostylid, is unusually thick and truncated behind, the thick-
ness being 9 mm. In this respect it is quite different from the 
next to.oth. It is referred to Equus compliqatus . 
. No. 364 d is another lower left last molar, but more worn th~n 
the one jus~ descrlbed. The 'height.is 55 mm.; the length, 39 .' 
mm.; the .width; 16 mm. The "heel" is thmner. (6 mm.) than in 
the tooth just described and is more prolonged backward. The · 
tooth is supposed to belong to Eq.uus complicatus. . • 
No~ 227, of the Iowa University collection, is a much worn 
lower left molar or premolar. It was found at Turin, Monona 
county, in the Elliott pit. Tl;te crown has a height of only . 
about 30 mm.; but there were two strong rO,ots developed, an 
anterior and a posterior. The l~tter is still present and with 
it the tooth has a height of 69 mm. The length of the grind-
ing surface is 30 mm.; the width is 18 mm. The external inlet 
does not get in betw.een the longitudinal valleys. The tooth is 
referred to Equus complicatus . 
. A tooth bearing the catalog number 242 b is an upper right 
third milk molar. It was found in the Elliott gravel. pit ndar 
Turin, Monona county. It is woi:'n so that the enamel is pre-
'sented and this is of a simple ·character. The tooth is referred 
provisionally to Equus complicat'l,ts. In size it agrees closely , 
with t~e corresponding tooth of a specimen 'in the Amer;lcan 
Museum of Natural History, found at Hay Springs, Nebraska, 
and having the field number '81. The' height of the tooth num-
bered '24~ is 30 mm.; the length, 35 mm.; th~ width, .26,5 mm.; 
th~ protocone, 11 mm. 
·From the same pit was obtained a lower right fourth milk 
molar to which has been given the catalog number 242 a. Its 
height is 30 mm.; the length, 39 mm.; the width, 13 mm. This 
tooth so closely resembles the. corresponding tooth of the speci-
men from Tule Canyon, Texas (Fig. 5'6) and referred here to 
Eqwus complicatus, that the present tooth is regarded as belong-
ing to this species. It will be S,een ,that it is quite different from 
the last milk molar represented by figure 70 and which belonged 
tp one of the five horses of Equus scotti found originally by' Mr. 
Gidley. It is possible that. these variations occur within the 
limits of one species, but this i~ yet to be determined. 
I 
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Another tooth, No. 184, "found iIi the Elliot't pit ,is referred 
provisionally to Eqwus complicatus. It likewise is an ,upper 
right third milk molar; but it ,had, not yet come into use.' The 
height is 40 mm.;' the length, taken along , the middle of the 
, tooth, 37 mm.; the width, 25 mm.; the protocone, 14 inm.: In 
its unworn condition it .is impossible to determine the -arrange-
ment of the enamel. ' 
Under the number 181 there are in the collection parts of two 
lower teeth; both' of the right side. They were found at North 
Riverside, near Sioux City, in the Anderson pit. One of these, ' 
181 a, shows the external inlet pltshed in between the adjacent . 
ends of the two longitudinal valleys. It is a tooth slightly 
smaller than m.2 , of No. 127 (Fig. 64), but it. is here assigned 
provisionally to Equus complicat'L/,s. ' 
, , 
The second specimen: has a portion on the outer side of the 
hinder end broken away. This tooth is somewhat, abnormal in 
having th~ protoconid re'duced and not separated from the 
metaconid by an an,terior inner inlet. The tooth appears' to be 
a 'premolar. Another tooth with the hinder third of the crown 
missing p.as the outer inlet ; between ,the longitudinal 'valley. 
In its condition it is impracticab~e to deterJ;lline the species.' , 
A t09th numbered 119, from the Cox pit, at Missouri Valley, 
J?elonged to, tlJ,e right side of the upper jaw and is probably t4~ 
first true molar. It is much worn. The height is about 45 mm. ; 
the length, 30.~ mm.; the 'width, 31 mm.; the protocone, 16 mm. 
The enamel of the lakes-shows little complication,', a condition 
probably due to the nearness to the base of the crown. The 
pattern resembles closely that of the molars of the specimen 
numbered 220 (Fig. 60) and described on page 168. The tooth 
,is referred provisionally to Equ'us compZicatus. ' 
From Prof. J. E. Marshall, of the Council Bluffs High 
School, the writer has received for examination some fossil 
horse teeth which had been found at Henton Station, Mills 
county, Iowa. One specimen is an upper left true molar, prob-
ably the second. It is pretty well wo:r:n down. The height is 55 
mm'; the length, 29 n:tm.; the widtl'i, 30 mm. ' The enamel around 
the lakes is considerably folded. There appears to be no rea-
son why this tooth should not be referred to Equus compli-
catus. 
12 , 
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Another specimen is a part 'of the left ramus of the lower 
jaw, containing the second, third, and fourth premolars. These 
are worn down aimost to the roots, and the enamel in the cen-
~r;:tl parts of the teeth is much modified. The cement is very 
thick. The teeth are referred, . with slight doubt, to Equus com-
plicatus. Accompanying these teeth is a molar which belongs 
to Equus laurentius and it is' mentioned more particularly un-
der that species . . 
In 1891 (Eleventh Annual Rep. U. S. Geological Survey, 
p. 495) the late Dr. W J. McGee reported the discovery of the 
. tooth of a fossil horse which he regarded as Eq16US complicatus, 
in Delaware county, Iowa. On inquiry Doctor McGee informed 
. the writer that the tooth was found lying on a knoll of Niag-
aran limestone, on which were only meager remains of drift 
materials. According to the latest map showing the distribu-
tion of drift sh~ets (Iowa Geol. Surv., Vol. XXI, pI. iii) this 
vicinity is covered with Iowan drift; but as both Iowan and Kan-
. san had been mostly removed, the tooth may have been placed 
there before either sheet was laid down. 
A left lower milk molar, .the third in the series, including the 
one in front that is seldom developed, has the number 135. It 
was found in the Cox pit, at Missouri Valley. 'The length is 
33 mm., ' the width 14 mm., the height only 15 mm. There ap-
pears to be no reason why it should not be referred to Eq16US 
complicatus. 
Beyond' the ]im~ts of Iowa, remains of this species 'have been 
found at Natchez, Mississippi; at Petite Anse, near New Iberia, 
in southern, Louisiana; at Big Bone Lick, Ke:qt.1l,.cky; in Bond 
county, Illinois; and apparently at Hay Springs, Nebraska. 
Remains, especially teeth, have been reported from many 
other localities, but for various reasons there is doubt about 
, the identi:ficatioI?-s. Teeth found east of the Alleghany Moun-
tains ~nd resemb~ing . thos.e of Equus comptiqatus are he.r€l re-
ferre.d somewhat arbitrarily to Equus fraternus. So far as our 
kno:wledge enables us ,to judge, EqWU!s complicatu$. ranged from · 
'" - .1 _ 
the. western slopes of . the Alleghanies; to ,the .region ' of .the 
·.Gr.eat Plain.s"~ 
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As to the geological range of the species knowledge is as yet 
incomplete. Inasmuch as the Bond county, 'Illinois, specimen 
'seems to have been ' found in a bog overlying Illinois drift, it 
is to be concluded that the species .lived after , the Illinoian 
stage. It is probably to be referred to the Sangamon. It 
seems probable that the specimens of Equus complicatus .whi~h 
have been found at Big Bone Lick, Kentucky, are likewise to ' 
be referred to the Sangamon. 
Equus scotti Gidley. 
This species was described by Mr. James W. Gidley in 1900 
(Bull. Amer. Mus. Nat. Hist., Vol. XIII, pp. 111-116" figs. 1-5). 
, In 1901 (Bull. Amer. Mus. Nat. Hist., Vol. XIV, pp. 103, 104, 
134, 137, pI. xx, text-figs. 5, 6, 25, 26) it was further described 
and illustrated. 
This specie's is better known, as regards its osteology, than 
any other of our fossil horses. At the head of Rock: creek, in 
Briscoe county, Texas, Mr. Gidley discovered, ina compact 
deposit of Pleistocene sand" five skulls and numerous other 
bones, so that practically all parts of the skeleton are repre-
sented. Five of the skeletons belonged to young horses, but one 
!Skull; found at a later tim,e, is tha! of an older individual. The 
specimens are in the American Museum of Natural History, in 
New York. This horse is 'stated by Mr. Gidley , to differ from 
the domestic horse in having a skull larger relatively to the 
size of the body, the neck shorter, the body longer, the ribs 
of the belly region less curved near their heads, and the limbs 
shorter and slenderer. Figure 66 represents this horse, shown 
as mounted in the American Museum of Natural History. , 
Mr. Gidley compared the bones and teeth of this species with 
those of various sk~letons of the domestic horse in the Amer-
ican Museum of Natural History, among them that of a large 
draught horse. The skull ' of the latter had nearly the same 
~ength as ' that of the type of Equus scotti. The series ' of dor's9~ 
lumbar vertebrre of the draught horse was about one iricJ;t 
longer than that of E. scotti; nevertheless, the neck of the lat-
ter was 'four inches shorter than that of the <J..raught' horse, 
Fig. 66. EqUU3 scotti. From skllleton mounted in American Museum of Natural History. Drawing made by Bruce Horsfall. 
>-' 
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while .the fore leg was about six inches shorter than that of the 
draught horse . 
. As ma.y be seen from figure 67 the enamel of the . teeth of the 
type of this species is, when compared with that of the domes-
tic horse, hardly different in any essential 
respect. That 'surrounding the lakes ap-
pears to be somewhat less p'licated than that 
of some domestic horses and more plicated 
than that of others. On the other hand; 
accurate measurements ·show that 'the teeth 
of E quus scotti are considerably larger than 
those of the domestic horse, lar2:er than Fig: 67. Elquu8 8cotti. 
v Grinding face of first 
those of the large draught horse mentioned. . left molar of type. Xl. 
The following measurements -yvere made by Gidley on the 
type .specimen of :this species, No. 10606, of the American Mus-
. eum of Natural History, and oil the,large draught horse, No. 
528, of the same museum: . . 
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Equus scotti I Equus caballus 
. - . ', '. 1" greater diameter __ _________________ ~ ____ _ 
Pm.", length of grinding face ________ ·_.: ________ _ 
, width of grinding face _____ .! __________ ~ __ _ 
M." length of grinding face __________________ _ 
width of grinding face __ ..: ________________ .. 
23rnrn. 
33mm. 
31rnrn. 
32inm., 
30rnrn. 
18rnrn. 
29mm. 
27rnrn. 
25nun. 
25.5rnrn. 
The length of the premolar-molar series in the type of E . . 
scotti is 190 mm.; in the large draught horse, 172 mm. 
In further comparison with the domestic horse, Gidley found ' 
that the orbit of E. scotti is relatively nearer the hinder bor- . 
ders of the occipital condyles; the maxillary ridge' extends fur-
the~ forward, reaching· a 'point over the last premolar; the face 
is deeper over the anterior premolars; the occiput projects fur-
ther backward, and is of a different shape; the basioccipital 
bone is not so compressed, and the fossa included between . the 
paroccipital process and the condyle is much deeper; the pos-
terior region of the skull, and' the posterior nares and the palate 
are narrower; the lower jaw is much deeper and more massive 
in the dental region; and the symphysis is heavier and longer, 
than in Equ.us caballus. . 
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Through the liberality of the American Museum of Natural 
History; the writer has been .able . to examine a considerable 
amount of the materials collected by Mr. Gidley, As a contri-
bution to the knowledge of this species; the following measure-
ments and notes are given r.egarding the more mature individ-
ual foun.d by Mr. Gidley. The region about the occipital eon-
dyles is somewhat injured, so that the length of the skull can- · 
not · be exactly determined, and there ' are slight distortions at 
the orbits and in' the palate, making the diameter of the orbit 
. ·a little inexact; also the width at the orbits and the width of 
the palate at pm.2 , and the width of the nose. In the second 
column are measuremerrt~ of the skull of No. 10609, being one 
of the five younger specimens. Mr. Gidley (Bull. Amer. Mus. 
Nat. Hist., Vol. XIV, p. 136, pI. xviii, fig. A) presented meas-
urements of the upper teeth of No. 10628 and a figure of them. 
MEASUREMENTS OF THE SKULL. 
Dimensions Taken No. 10628 No. 10609 
mm. rom. 
From front of premaxillae to front of foramen magnum 570 545 
From front of premaxillae to rear of glenoid fossa _____ _ 508 
From front of premaxillae to front of posterior nares __ 320 308 
From front of premaxillae to front of pm.' ______________ _ 167 Ifin 
From front of premaxillae to front of orbit ____________ _ 380 370 VVidth across mastoid processes __________________________ _ 125 VVidtli across hinder nares ________________________________ _ 45 50 
VVidth across glenoid fossae __________________ ~------------ 232 224 VVidtb from outside to outside last molars ______________ _ 134 138 
VVidth from outside to outside of outer incisors ___________ _ 85 85 VVidth between fronts of orbits, about _____________________ _ 
Width of palate at last molars ___________________________ _ ,15ts± 173 75 82 VVidth of palate at pm!, abouL __________________ ~ __ __ ____ _ 52± 63 
Distance across premaxillae at middle of nasal opening __ 
Least width of space between j3 and pm.' _________________ _ 83 71 55 51 Distance between i" and pm! ______________________________ _ 117 109 
Diameter of orbit fore and aft, abouL ____________________ _ 70± 72 
From front of lower jaw to rear of ascending ramus, about 455± 462 Length of symphysis of lower jaw ________________________ _ 107 108 Height of lower jaw at front of m.l _______________________ _ 105 103 
Height of lower jaw at front of pm.2_=-___________________ . __ 75 72 . 
VVidth of lower jaw at symphysis, least _________ ~ _____ _:---- 50 
The teeth are to be considered. All the incisors haye de'ep. 
cups. That of the outer incisor has a broad notch on the lin-
gual, or inner, wall. The cups of the other.s are complete. The 
incisors ' are of large size. ' The following are .the measurements 
taken. · , Of ,course, the diameters would vary. according to th.e , 
age of the animal. 
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MEASUREMENTS OF INCISORS. 
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Width of i.' _______ ._ 20mm. diameter at ·right angles to this __ ______ 14mm. 
Width of i.' ________ 21mm. diameter at right angles to this ________ 13mm. 
Width of i. 3 ________ 23mm. diameter at right angles to this________ 12mm. 
Width of i., ________ 20mm. diameter at right angles to this ______ :..·_ 20mm . 
. Width of i.2 ________ 20mm.. diameter at right 'angles to this ________ 12mm. 
Width of i..~------- 24mm. diameter at right angles to this ________ 12mm. 
Figures 68 and 69 represent /"/' 
· as, ·accurately as possible the " 
grinding teeth of the upper · \ 
and of the lower jaws. It is / 
reco:r:o.mepded that the struc- \ 
ture of these be compared with \ ___ _ 
corresponding teeth that have .;--....... ~ 
been referred to Equus compli-
oatus, especially with the type' 
of the latter. The following 
are the dimensions of the up-
per -and the lower rows of 
teeth . and of the separate 
teeth: 
MEASUREMENTS OF TEETH 
OF EQUUS SCOTTI. 
Upper Teeth. 
Length of premolar-molar 
series ___________________ 202 mm. 
Length of premolar series 111 mm . . 
Pm.', length ______________ 42 mm. 
. width _______________ 31 mm. 
·Pm.", length ______________ 35 mm. 
width _______________ 33 mID. 
protocone ________ ___ 14 mm. 
Pm!, length __________ __ __ 33 mm. 
width _______________ 33 mID. 
protocone ---------7- 15 mID. 
M..', length ____ -, ____ ~____ 30 mID; 
width _______________ 30 mID. 
protocone ___ ~ ______ . 14.5mm. 
M.', length ____ __ '-_______ . 31 mm. 
width ._______________ 29 · mID. 
protocone _.:._~~~_____ 15 mID. 
M. 3 " length. ____________ ._._ . 30 mm. 
·width _______________ 25 mID. 
protocone __ .:.: __ ~_.:__ 16 mm. 
Lower Teeth. 
Length of pllemolar-molar 
series ____________ -:.._______ 203 mID. 
Length of premolar series _ 106 mm. 
Length of molar series ____ 97 mm. 
" 
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.• 'Ffg.68 . Fig. 69 
Figs. 68, 69. Equus scotti. Grinding 
faces of up'per and lower cheek-teeth. 
X .. 733. ~o. 10628 American Museum 
Natural HIstory. . 
68. View of the upper teeth. 
69. View of the lower teeth. 
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Pm." length ________________________ ______________ __ __ ______________ 37 mm. 
,. . width ----:.- ~-----------------------:. --'-·------.:----7-------, ---- 18 mm: 
Pm . ., length __ __________________ ~ ___________________________________ 33 nun. 
- width ____ __ ___________________________________________________ i7.5mm. 
Pm .• , length __ __ ______ __ ____ ___________ __ _________ __________ __ ______ 33 mm. 
width ____ ______________________________ __ _________ ~ _________ -:_ 18 nim. 
M.
" 
length __ ______ ______ ~-----.: -------- -------:.-----------------__ 29.5mm. 
width ____ ________________ -____ :-________________________________ 17 mm . • 
' \ . 
M:" ~f!t~ _=~===:====================~==============~============== ~~ =: I • I M." length ____________________ '-___________ :.__ ____ ______________ __ 34 mm. 
-vyidth ____ ___ __ ____________________________________________ :.___ 15 mID. 
As. to the stFucture of the enamel of the upper teeth, it will 
be observed .that the opposed borders of the two lakes in each 
tooth are much. folded. In the anterior lake there 'is usually an 
M ppposite the end of the post-protoconal valley. -The latter 
does ' not lie wholly in the inner half of the tooth. 
Fre>m No. 10608 of the American Museum of Natural His-
tory, one of the five horses originally found, the writer has se-
cured the following description and figure (Fig. 70) of the third 
and fourth lower milk-molars of the right side: 
MEASUREMENTS OF MILK TEETH. 
. Tootp'- Length 
Dm.. . I I' : 36.5mm. 
Dm., 35 mm. 
Width 
16 mm. 
14 mm. 
. -
The figures will show the arrangement of the enamel, and it 
will be seen that this is mhch more folded than that of the milk 
·teeth of ' ~nother horse found not far away (Fig. 56) . and sup-
p~sed to belong to Equ,us complicatus (p.162) . 
With the skull above described, No. 10628, in the American 
Museum o.f Natural History, Mr~ Gidley found the two hinder 
limbs · .com'plete. 'To add to the knowledge of the skeleton of 
this species, and possibly to aid in distinguishing other species 
from it, the 'following measurements are presented. In the 
second column are given the corresponding measurements . 
from a trotting stallion in the collection of Mr. S. H. Chubb, of 
t4e American Museum of Natural History. 
MEASUREMENTS OF EQUUS SKELETON 
Bones Measured 
.Femw: .of left ' side-Total length __________ . _________________________________ _ 
From top of head 'to inner condyle ____ _____ ~ ___________ _ 
FrOiT" inn&' surface of head to outer face of bone _____ _ 
Fore-and-aft diameter at middle of length'::_'_~ __ :_: __ 
Trlillsverse diameter at middle of length ______ :. ______ _ 
Fore-and-aft ,diameter at lower end _______ .:. __________ _ 
W;dtll ,across , ~rti,cular surfaces at lower end_, ________ ,~~ 
'!'ibia of left side-
'l'otul length of bone _______ ~ _____ ~_ : __ -__ -_: _· __ ~ ____ · _____ _ 
Great6st width of upper end_:. _____________ ' __ :. __ :. _______ _ 
Fore-nnd-aft diameter at middle of It\ngtll:: __ : _______ _ 
Transverse diameter at middle of length ______________ _ 
Greatest width at lower end_: __ .: ____ : ______ .: _____ ~ ____ _ 
Fore-and-aft" thicknes~ at ~iddle of wid~l'l M ', lowel,', end ' 
'I'afsal bones-' , Total length of calcaneum __ ' ______________ . _____________ _ 
Depth of hinder process' (tuber calcis) ________ :. _____ ~ __ _ 
Tbicl!ness .of b.one at front of the inner process _______ _ 
Greatest length of astrag,alus ________________ ----------
\:Vidth of astragalar articulation' fOr navicular _____ .. 
. , 
Metatarsal, median-Total length __________________________________________ _ 
Fore-and-aft diameter of upp~r end ____________________ _ 
Side-to-side diameter of upper end _____________________ _ 
Fore-and-aft diameter of lower etld ______ -'_.:. __ :. ________ _ 
Side-to-side diameter of lower end _____________ :. ____ .:. __ _ 
. Phalanges""" 
Total length of first pbalange _____ ~_.:. _______________ _ 
Greatest widtb of first phalange at upper end _________ _ 
Total length of second phalange _______________________ _ 
Greatest width of upper end of second pbalange ___ __ _ 
Length of ungual pbalange on front slope _____ ________ _ 
Grel1test width of ungual pbala,nge ____________________ _ 
Equus 
scotti 
No. 10.628 
412 mm. 
375 rom. ' 
129 rom. 
'51 mm: 
53 mm. 
128 rom. 
94 rom. 
370 :jllIll. 
107 mm. 
40 mm' 
49 mm, 93 ,-roo. 
46 row " mm. 
123 rom. , 
,49 rom. 
,55mm. 
67 'nini. 
57 mni. , 
285 mm. 
46 rom. 
58 rom. 
35 mm. 
40 mm. 
88 mm. 
63 mm. 
54 rom. 
86 , mm. ' 
64 mm' 86 mm. 
E. cabal-
Ius 
No. ';4' 
444 mm. 
:390 ' rom. 
123 rmn. 
'54, mm: 
45- , rom. 
14~ . rom. 
'9~ " 
'1 1~~' 
, "II!~.'lJlr~ .. 
392 'fn'¥£~ 
108 - TIl,II( 
3,7, mm. 
,'43 IIlm., 
86 'mt±c 
47 ' mill: 
131 mm. 
':46 ,rom. 
56 rom. 
' 70 mm. 
'60 mm. 
290 mm. 
47 mm. 
53 mm. 
44 rom, 
55 mm. 
.94 mm. 
62 rom. 
51 ,rom. 
78 mm. 
60 mm' 
60 mm. 
Measurements of the fore limbs of one of the younger indi-
viduals, No. 10609, oLthe American Museum of Natural His-
tory are here -presented. The corresponding measurements of 
the trotting stalliop. already mentioned, are also given. 
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MEASUREMENTS OF SKELETON-9ontinued. 
Bones Measured 
Equus 
scotti 
No. 10609 
Scapula-Length along the spine _________________________________ 318 
From rear of glenoid cavity to front of coracoid process 105 Diameter of neck, where least __________________________ 66 
Hum~rus-' Total length ____________________________________________ 296 From top of head to inner condyle ____________________ .:_ 286 
Diameter, fore-and-aft, through head and greater tuber-
osity 
------------------------------------------------
110 
Diameter side-to-side, through head and greater tuber-
osity 
------------------------------------------------
98 
Fore-and-aft diameter of bone at -middle of length ____ 50 
Side-to-side diameter of bone at middle of length ______ 35 
Fore-and-aft diameter of bone at inner side of lower end 95 Width of lower articulation _____ ' _______________________ 93 
Radius-Total length _____________________ .:_____________________ 342 
Side-to-side diameter near upper end ___ ___________ ~---- 92 
Fore-and-aft diameter near upper end __________________ 48 
Fore-and-aft diameter at middle of length ____________ . 30 
Side-to-side diameter at middle of length______________ 45 
Greatest diameter near lower end __ ~___________________ 87 
Side-to-side diameter of lower articulation ____________ 70 
Metacarpal, median-
DUD. 
rom. 
DUD. 
DUD .. 
DUD. 
DUD. 
DUD_ 
DUD. 
DUD. 
DUD. 
DUD, 
DUD. 
DUD. 
DUD. 
mm_ 
DUD. 
DUD. 
DUD. 
Total length ___________________________________________ 236 DUD_ 
Fore-and,-aft diameter of upper articulation __________ 35 DUD. 
Side-to-side diameter of upper articulation ____________ 57 DUD. 
Fore-and-aft diameter at middle of length ____________ 29 mm. 
Side-to-side diameter at middle of length ____________ 38 DUD. 
Fore-and-aft diameter of lower end _________ __ ___ __ ___ 40 DUD. 
Side-to-side diameter of lower end _____________ , __ C,___ '54 ID.Ib., 
Phalanges-
Total length ot first phalange __ ...:_____________________ 94 mm. 
Width ot upper end of first phalange _________________ 60 DUD. 
Width of upper end of second phalange' ___ ...:___________ 55 rnm.. 
Width..of lower end of second phalange ________________ 55 DUD. 
Equus excelsus Leidy. 
Equu8 
ca-ballus 
No. 74 
365 DUD. 
107 DUD. 
68 DUD. 
1·3i8 mm. 310 DUD. 
117 DUD. 
100 DUD. 
51 DUD. 
40 DUD. 
97 DUD. 
87 min. 
372 DUD. 
96 DUD. 
50 rom. 
31 DUD. 
, 40 DUD. 
83 DUD. 
71 DUD. 
252 min. 
34 DUD. 
55 m:rp.. 
27 DUD. 
36, DUD. 
42 mm. 
53 DUD. 
96 DUD. 
60 DUD. 
57 DUD. 
54 DUD. 
This species is one of the horses that inhabited the region 
of the Great ' Plains, and it seems to have , extended its range 
as far east as Iowa. For this reason it is here described as 
exactly as can' be done in the present state of our knowledge of 
it. The type specimen, which is now in the U. S. National 
Museum, was f6urid somewhere along Loup river, approxi-, 
/; 
, . 
I 
I 
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mately at the center of the . present state of Nebraska. The 
exact locality is not known; nor are the circumstance:;; known 
under which it was found. The specimen was first briefly de-
fined by Leidy in 1858 (Proc. Acad. ·Nat. Sci. Phila., p. ' 26) ; 
but it.was not fully described and figured until 1869 (Jour. Acad. 
Fig. 70. 
. Fig. n. 
',Fig. 72. 
Fig. 71 Fig. 70 Fig. 72 
Equus 8cotti: Right third and fourth lower milk molarR. Slightly less than 
natural size. No. 10608 American Museum Na tural History. 
EqUU8 exce!su8. Last premolar ' and the three molars 'Of the type. Xl. 
EqUU8 exc6!8uS. Last .premolar and the three molars Of specimen 112 · in 
. Ameri~n Museum Natural History. Xl. • . 
.N at. ·Sci. Phila~, ser. 2, Vol. VII, p. 266, pI. xx, fig. '39; pl.. xxi, 
fig. 31);. However, the second and third true molars, represented 
;by figure. 39, of Leidy.'s plate XX, may in reality belong to some 
one of-the other species which qertainly ihhabited that- same re-
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gion in Pleistocene times. Gidley (BulL Amer. Mus. Nat. Rist., 
XIV, p. 114, fig. 9) presented a view of the grinding surface of 
the teeth which shows the details somewhat better. thim Leidy's 
figure, but the engraver has made the figure 4 mm. too ' short. 
There is presented here {Fig. il) a reproduction of Gidley's 
figure brougl;t Jo the size of natUl'e. 
T:qe type ' specimen consists of a fragment of the right max-
illa and a small part of the palatine .bone, together :with the last 
premolar ansi the three true molars. The teeth ~r'e 1n.ly mod-
erately worn, ,as may be seen from the Jollqwing measure-
ments ... 
MEASUREMENTS OF THE TYPE OF EQUUS EXOELSUS, AND ' OF AN· 
.. ,,', 
OTHER SPECIMEN. 
Parts Measured Type No. 112 
Length of the molar series and the last premolar _____ _ 107 mm. 1i3 mm. 
Len~th of the molar series __________ · ___________________ _ 78 mm. 84 mm. 
Pnl. ·. height _____________________ ____________ _________ _ 78 mm. 55 mm. length __ ~ ___________________________ ,------------- 28 mm. 29 mm, 
~;g~~colle~======================~~===============~ 28 ' mm. 27.5mm. 16 mm .. 12.5mm. , M.', height _________________________ :.. _________________ _ 6fi mm. 58 mm. 
length --------------------.,---r----,---------------vvidt  __ ~ ________________________________________ _ 26 mm. 27 mm. 28 mm. 26 mm. 
protecon~. ________________ ~ ______________________ _ 14.2mm. 13.5mm. 
M. " height ___ -----------------.: .. ---~-.:---.------------- 77 mm. 53 mm. 
,. length _.:. ________ .:. ___________ .: ____ '-______________ _ 
, wtdtlt ' __ _______ ' __ _________________________ _______ _ 26 mm. 27 mm. 25 mm. , ~5 mm. protocone _____________ __ ____ _____ :. ______________ _ 15.5mm: 13 mm. 
M. " " ree~~~ti=========================~=~================ 79 m.m. '~5 mm. 28 mm. 29 mID. vvidth ___________________________________________ ~
protocone _______________________________________ _ 22 mm. ,23 mm. 14 mm. 15 mm. 
, " 
These teeth are somewhat curved, so ·as to be convex on the 
. outer face 'and concave on the inner, but .somewhat less so than 
in the type ·of Equus comp,licatus. They are also slightly 
curved backward, so as . to' be convex on the anterior face. . The 
anterior .and median pj.llars of the outer faces are' very promi-
nent, so that between them is a very deep groove extending 'up 
arid down on. the' to'6tli. . 
I. , 
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Ari examination of ' the. enamel' surrounding' the lake's shows 
that it has a simple arrangement. The front border of \each of 
the anterior lakes is without a notch, . and the same 1S true Of 
the hinder border of the posterior lakes, except there'.is a; slight 
notch iri. that Of the premolar . and' in tliat of the' last molaF. In 
the hind~r border of ' the anterior lake 6f , each tooth there is it 
deep notch opposite the 'head of the post-protoconalvalley, fol-
lowed further , outward by some minute loops; . 
In ' the' front ·face Of the' p'osterior lakes is a shallow, notch. 
The post-protoconal valley is narrow, withou:t. a deep notch at 
~ts head, and, e~cept for Ii prolongation at the head of the vai-
ley of the premolar, the valley is confined to the inner lialt of . 
the tooth. It will be observed that the protocone is broad, oc-
cupying about six-tenths of the lcngthof the grinding face. 
As regards' the' characters shown by the bone present, it is 
, seen tliat the maxillary ridge, running along on ·the · outside 
above the ,lowe'r edge of the jaw, extends forward about to tlle 
middle: of th~ last premolar; slightly further than in the domes-
tic and in the. Arabian horse at hand. The post-palatine fora-
men is opposite the front half of the inner face 'of the second 
true molar, inste~d of being oppo:;ite the last molar, as 'seen in 
the domestic horse and the Arabian. The palatine bone in 
front of this foramen is about twice as thick as on the other J 
horses' mentioned. 
Such are the characters presented by the type specimen. To 
what ' extent these will vary in different individuals can b~ de-
termined with certainty only after much additional materials 
shall have been collected and studied. 
In. the American 'Museum of Natural 'History IS a fragment 
of, a right uppe'r maxilla, which contains the same' teeth as 
Leidy's type; the last premolar and the' three molars; This 
specimen was found at .Hay Springs, Nebraska, in 1893, by a 
' party consisting of Messrs. Wortman, Peterson and,Gi-dley. It 
bea~s the field ·number 112. .The measurements of these ,teeth 
are given in the second column' on' page 188. Figure '72 repre- · 
sents the grinding surface of these teeth. It must be o'bserved 
that these teeth; as shown: hy the reduced height, are mOte 
worn than those of the . type. Hence, each one originally 'haP, 
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the ' grinding surface possibly slightly longer than it now 'is. 
In no case does the length or the breadth differ from the type 
by more than one millimeter. The PTotocones are, except in 
the case of the last molar, shorter than in the type. Two of 
the 'post-protoconal valleys have a little reentrant fold at the 
-head, and they are confined to the 'inner half- of the tooth. The 
enamel which surrounds the various lakes is neaTly as simple 
in its pattern as in the teeth of the type. The notch in the front 
border of the anterior lake of each is present, but very small; 
that in the hinder bordeT of tha posterior lake is' abse-nt or 
small. The la.kes are not · so broad as ,in the type ana the front 
border ,does not sweep inward and backward with the same bold 
eurve. 
Notwithstanding these differences, the writer refers this 
, specimen provisionally to Equus excelsus, and believes that ad-
ditional materials will yet be found showing intermediate con-
ditions. However, in referring specimens of teeth to this spe-
cies one must take care not to depart far from the original. It 
is to be hoped that more complete skull materials will soon re-
veal to us the essential characters of the species. 
N 0 lowe~ teeth are yet known which can with confidence be 
referred to this species. 
TEETH FOUND IN IOWA AND REFERRED TO EQUUS EXOELSUS. 
A tooth, numbeTed 125, (Fig. 73) from Missouri Valley, is 
here referred to Equus exce~sus . 
This tootp., apparently t4e first true molar of the right side, 
was found in the Cox pit at Missouri Valley. It was not fig-
ured by Calvin; but he gave its dimensions (Bull. Geol. Soc. 
AmeT., Vol. XX, p. 345) . . In his measurements he included the 
enamel. The following meaSUTements exclude this: Height, 
not including the root, 58 mm~; ·length, 30 mm.; width, 30 mm.; 
protocone,. 15 mm. Calvin referred the specimen to Equus 
scotti. To the present writer it seems to belong rather to 
Equus ex,eelsus. The dimensions are somewhat greater than 
of. the cOTresponding tooth of the type. Excepting that the en-
amel on the hinder border ' of the anterior lake' is slightly less 
folded than in the tyPe, the pattern is the same. 
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Tlie tQQth having the catalQg number 283 b (Fig. 74) was 
fQund at Turin, MQnQna county, in the ElliQtt pit. It belonged 
tQ the right side .of the upper jaw, and is apparently the first 
true mQlar. It was that .of an .old hQrse, 'the height .of the crQwn 
Fig. 78 Fig, 74 
Figs, 73, 74, EqutLS' 631celsu s, Upper molars. Slightly less than na tural size. 
73, Grinding surface of probably first upper right molar. ' No. , 125 State 
, University of Iowa. 
74. Grinding surface of probably first upper right molar. No. 283 State 
University of Iowa. ' 
being .only 30 mm. The length .of the grinding surface 'is 27 
mm.; the width, 30 mm.; the ,prQt<;>CQne, 15 mm. In dimensiQns 
this tQoth agrees closely with the first mQlar .of Eqwus excelsus, 
and thl:lr~ appears tQ be nQthing in the pattern .of the ep.amel tQ 
exclude it frQm this species. 
EqUU8 niob,rarensis »ay. 
This species was d,escribed by the present writer in the PrQ-
ceedinps .of the U. S. National Museum, VQl. XLIV, 19l3, pp. 
576-584, and .illustrated .on plates lxix-Ixxi and by text figures 
19-23. It is an .other Qt thQ'se , hqrses which inhabited, during a 
part .of PleistQoene tin+es', theregiQns .of the Great Plains. The 
type s£ecimen is a nearly cQmplete skull which is in the U. S. 
NatiQnal Museum and which was fQund alQng NiQbrara river, 
near !fay Springs, Ne,braska, in 1886,byPrQf. J. B. Hatcher. 
When fQund, this skull was in a brQken cQnditiQn, b~t it was 
afterwards recQnstructed. The. ,::lpecimen has the catalQg num-
ber 4999. Oertain parts, indicated in the illustratiQns here pre-
sented (Plates XV, X'\TJ:) by lines ruled parallE}l, are missing, 
but the structure .of the ~kull can be determIned quite accu-
rately. Other remains .of the same hQTse have been' collected at' 
Hay Springs and the, neighbQring regiQ!). fQr the United 
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Fig.?? . F ig. 76 Fig. 75 
Figs. 75-77. Equu8 niob·rarensis. Jaws. and teeth. 
75: ' Maxilla, premaxilla and teeth of left side. X 2/ 5. No. 2725 American 
. Museum of Natural ·History. 
76. ·Left side of .upper jaw of type, showing the teeth . X .49. 
77. L eft side at lower jaw of type, showing the teeth. X .49 . 
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States National Museum, for Princeton University and 
for the American Museum of Natural History. Some 
of these materials were identified. by Mr. Gidley (Bull. Amer. 
Mus. Nat. Hist., XIV, p. 132) as Equuscomplicatus, and the left. 
side of the upper jaw of one specjmen was figured (op. cit., pI: 
xviii, fig. B) under this name: Gidley's figure i~ here repro-_ 
duced, but of only two-fifths the natural size (Fig. 75). In the 
same paper (p. 132, text-fig. 22) tbis writer figured and identi-
fied as E. complicatus, the left upper cheek-teeth of a specimen 
which he had found in the canyon of Tule creek, Swisher county, 
Texas. This specimen likewise seems to belong to E." niobrar-. . 
ensis, and it shows We range of the species in that direction. 
While many bones of the skeleton belonging to two or three 
species of ho.rses have been collected about Hay Springs, these 
~ave not been found, or at least recorded as being found, in 
such immediate association with teeth that they can be referred 
to their proper species. ~his is much to be regretted . 
. Below follow measurements taken from the type skull. · In 
the second column aTe presented corresponding measurements 
taken on the skull of a domestic horse, No. 843, of the U. S. 
National Museum. The age of the latter seems to have been 
about sixyears~ while the Niobrara horse appears to have been 
approximately a. year younger. Inasmuch as No. 843 lacks. the 
lower jaw, measurements of this bone have been supplied from 
No. 174960 of the U. S. National Museum, a large gelding, 
whose skull has a length of 610 mm. The upper row of cheek-
teeth measure, however, the same as in No. 843. 
MEASUREMENTS OF SKULLS. 
Dimensions· Taken I E. nio- I brarensis 
From front of premaxillae to front of OCCipital fora-men _________________________________________________ 530 mm. 
. From front of premaxillae to front of posterior nares 290 mm. 
From front of premaxillae to rear of notch between 
nasal and premaxillae __________ :..__________________ 200 mm. 
From front of premaxillae to rear of occipital crest__ 582 mm. 
From front of premaxillae to front of pm.2 ___________ 133 mm. 
From front of premaxillae to front of orbit __ ,._______ 340 mm. 
Width across mastoid processes __________________ .:____ 110 mm. 
Width across hinder nares _____________________________ 47 mm. 
13 
E. ca-
baBus 
550 mm . 
300 mm. 
196 mm. 
602 mm. 
143 mm. 
362 mm. 
129 mm. 
55 mm. 
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MEASUREMENTS OF SKULLS-Cpncluded 
Dimensions Taken I E. nio· [ E. ca· brarensis ballus 
Width across articulation for lower jaw ___ ~ _______ _ 217 rom. 213 rom. 
Width from outside to outside of last molars _______ _ 123 rom. 127 rom. 
Width from outside to outside of outer 'incisors _____ _ 78 rom. 75 rom. 
Width of skull on maxillary ridge at maxillo·malar su-ture ___________________________ ~ ____________________ _ 187 rom. 188 IDlIl. 
Distance between the rear of.the orbits ___________ ,.. ____ _ 240 rom. .220 rom. 
Distance between the fronts of orbits _________________ _ 158 rom. 153 Il)Ill. Width of palate at last molars ______________________ _ 70 IllIll. 77 rom. Width, of palate at pm.' _______________________________ _ 50 rom. 53 rom. 
Distance across premaxillae at niiddle of nasal opening 75 rom. 67 rom. 
Least width of space between i. 3 and pm. 2 _________ .: ___ _ 45 mm. 45 rom. 
105 rom. 110 mm. 
84 rom. 70 rom. 
Distance between i. 3 and pm.2 __________________________ _ 
Diameter of orbit, fore-and·aft ____________________ ~ ___ _ 
From rront o~ lower .jaw to rear of ascending ramus __ _ 467 rom. Length of symphysis of lower jaw ____________________ _ 90 rom. 
96 rom. 
903 mm. 
Height of jaw at front of m. , _________________________ _ 
Rear of i.8 to' front of pm. ____________________________ . __ 
MEASUREMENTS OF THE TEETH. 
Teeth 
Upper Teeth LowerTeeth 
E.nio-I E ca. E.nio·1 E c . bra. . bra. . a 
rensis ballus rensis balluB 
rom. rom. 
Length molar·premolar series _______________________ 179 185 
Length premolar series _____________________________ 98 98.5 
Length molar series ________________________________ 81 86 
Height of crown of in.' ______________________________ 75 
Pm • ' . ~f8tt: ================,=========~=============== ~~ protocone _____________________________________ 10 
Pm.', length ______ !. _______________________ ~__________ 30 
. width ________________________________________ 28 
protocone _________________________________ .:___ 13,5 
Pm.', length _________________________________________ 29 
width ~________________________________________ 27 
protocone _____________________________________ 14 
M. " length ________________ ._________________________ 27 
width _________________________________________ 28 
protocone _____________________________________ 13 
M. 2, length _________________________________________ 27 
width __________ . _____ .__________________________ 25 
protocone _______________ ~_____________________ 14 
M.·, length _________________________________________ 26 
width ___________ ~ _____ ~ ____________________ ~__ 23 
protocone _____________________________________ 14 
1. " diameter, side to side__________________________ 19 diameter, fore and afL ______________ '-________ 13 
I. 2, diameter, side to side _____________ ·_____________ 20 
diameter, fore· and afL_______________________ 12 
1.', diameter, side to' side__________________________ 21 
diameter, fore and aft _______ ------:.---_______ 11 
'., , 
40 
27 
10 
30 
29 
14 
29 
30 
15 
27 
29 
15 
28 
28 
16 
31 
25 
16.5 
16 
11.5 
.18 
11 
20 
11 
rom. rom. 
180 187 
94 97 
84 90 
35 36 
15 16 
28 30 
16 17.5 
30 30 
16 17 
27.5 27 
14 15 
27 28 
13.5 15 
30 34 
13 14 
17 16 
11 11 
17 19 
11 11 
17 17 
11 13 
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Having compared many of the measurements of the skulls, 
as given above, with the length, it is found that the ratios in 
the two species are not greatly different. However, it appears 
that the nose of E. niobrarensis js slightly longer than that, of 
the domestic horse, the part of the skull in front of the pre; 
molars being eighty per cent of the length of the tooth-line, 
while in the domestic horse it is only seventy-seven per cent. 
Here again, no ' doubt, there will be found to exist some varia-
tions. In fact, the specimen, No. 2725, of the' American Museum 
of Natural History, New York, has the nose about as in the do-
mestic horse. It will be seen that the teeth agree , closely in 
their dimensions. It appears, therefore, necessary to :find most 
of the specific differences in the structure of the teeth. In gen-
eral, the arrangement of the enamel of the cheek-teeth is sim-
pler than in the domestic horse, as seen on the hinder border 
of the anterior and the front' border of the posterior lakes 
(Fig. 76). Here the enamel band has merely one or two short 
loops; whereas, in the domestic horse, it is almost always con-
siderably crinkled. The valley , which enters the face of the 
tooth from the lingual side, the post-protoconal valley, appears 
usually to extend further outward tha,n in the domestic horse. 
In the latter, the distance from the inner wall of the protocone 
to thl'J anterior and outer extremity of the post-protoconal val-
ley is 'equal to or less than the, distance from the latter point 
to the enamel wall in front of the median ridge, or style, on the 
. outer face of the tooth. In E. niobrarensis the valley is usu-
ally extended somewhat farther toward the outward face. ' 
Here, as in other characters, deviations from the. rule are to be 
expected. 
I 
In the lower cheek-teeth, both premolars and molars (Fig. 77), 
the loop of the enamel which enters the crown a,t the middle of 
the oute~ face is short, not being permitted to push itself in 
between the adjacent ends of th.e two longitudinal loops of 
enamel. In the domestic horse the outer ,valley insinuates itself 
,between the two longitudinal loops of the true molars. 
The first and second upper incisors have deep ,cups (Figs. 7,6, 
77; plate XIV, fig. 3). If there was originally a notch on the 
hinder, or lingual, lip of the cup of the first incisors, all trace~ 
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of it have been worn away. There seems to have. been a very 
shallow notch on the lingual lip of the ' second incisor. The 
. third incisors ha9. just begun to suffer wear. Each has a cup 
about 20 · mm. deep, but the lip on the lingual 'side is notched. 
nearly to the bottom of the cup. The hinder part of this lip 
r~)Unds into the opposite, or buccal, lip; between the middle' and 
hinder thirds of the latter. 
'There was evidently a shallow notch in the lingual lip of the 
second-lower incisor (Plate XIV, fig. 4). The cup of the third 
incisor is" very incomplete. Its lingual lip is notched broadiy 
and nearly to the bottom of the cup. This lip is represented by 
a descending ridge in front and a tubercle about the middle of 
the lingual face of the tooth. The remainder of this face is 
concave transversely. . 
In the American Museum of . Natural History is a mandib-
ular symphysis which the writer regards as belonging to 
Equus niobrarensis. It bears the collector's number 24. It 
presents all the permanent incisors, of which the first and sec-
ond are somewhat worn (Plate XIV, fig. ·5). The third on each 
side had made its way through the bone, but not yet through 
the gum. .J ust outside of the front border of each is seen the 
root of the milk incisor just about ,to be displaced. The cup of 
the third permanent incisor has a low lingual lip, not · well 
shown in the figure, but the bottom of the cup extends 25 mm. 
below it. This tooth is thus quite different from the corre-
sponding one of the type. Here, again, as in other characters 
there is a good deal of variation. Even in the domestic horse 
there is considerable variation in the completeness of the cup 
of the third incisor. ·Mr. Gidley (Bull. Amer. Mus. Na:t. Rist., 
Vol. XIV, p. 103, fig. 5) has referred to this variation and pub-
lished three figures . N eyertheless, in the domestic horse, the 
absence of the cup is a rare occurrence; and we may expect to 
find in E. niobrarensis some condition that prevails. Possibly 
this tooth in the type is less cQmpletely developed than usual; 
or it is possible that the piece of jaw numbered 24 belongs 
really to some other species. The condition of the incisor in the 
type is not advanced really beyond that of the same tooth in a 
specimen: supposed -to belong to Equ1.ts excelsus (plate XIV, 
. fig. 6) . 
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In the American Museum of Natural History, N~w York, is 
a specimen, No . . 2725, already referred to on page 195, from 
Hay Springs, 'which presents the upper jaw with all the teeth 
and a part of the lower jaw with the cheek-teeth (Fig. 75). To 
show the variations presented by the teeth the measurements 
are here given: 
MEASUREMENTS OF THE TEETH OF NO. 2725, AMER. MUS. NAT. HIST. 
. ~QUUS NIOBRAREN;SIS. :..; : L. , : _.: ~"":'; 
Upper Teeth 
Length of the upper' premolar-molar series_~ _________ ' ____ ~_________ 190 mm. 
Length of the upper premolar series________________________________ 107 rum. 
Length of the upper molar series___________________________________ 83 rum. 
Pm. 2 , length ________________________________________________________ 42 rom. 
width ____________________ _____________________________________ 30 mm. 
protocone _____________________________________________________ 12 rum. 
Pm.·, length ____ ____ _______________________________________ _________ 32 mm. 
width _________________________________________________________ 30 rum. 
protocone ____________________________ ~------------------------ . 17 rum. 
Pm. ', length ________________________________________________________ 31 mm. 
width _________________________________________________________ 30 rum. 
protocone _____________________________________________________ . 16 rum. 
M.', length ------------------------r------------------------------- 30 mm . width ________________________________________________________ _ 
. 27 rum. protocone ____________________________________________________ _ 14 rum. 
M. ' , length __________________ ~-----.-------- ------------------------ 30 mm. width __ ______________________________________________________ _ 25 mm. 
. protocone _________________________________________________ ~ __ _ 15 mm. 
M.', length _______________________________________________________ _ 25 mm. width ________________________________________________________ _ 20 mm. protocone ____________________________________________________ _ 
"15 rum. 
Lower· Teeth 
Length of premolar-molar series _________________________ __________ _ 200 mm. Length of premolar series ________________ ________________________ __ _ 110 mm. Length of molar series _____________________________________________ _ 90 rum. 
Pm .• , length _____________________________________________________ __ _ 38 mm .. width ___________ ~ __ . ___________________ ~ ___________ .: __________ _ 17 mm.· 
Pm.s, length _______________________________________________________ _ 33 mm. width ________________________ ~ ____ ~ __________________________ _ 19 rum. 
Pm .• , length _______________________________________________________ _ 32 mm. width ________________________________________________________ _ 18 rum. 
M.
" 
length ________ :.. __ ____________________________________________ _ 30 rum. width ________________________________________________________ _ 16 rum. 
M .• , length _____________________________________________________ L __ 
width ______________________________________________________ --_ 32 mm. 15 mm. 
M. " length _________ .----------------------------------------------- 31 mm. 
width ___ _________________________________ .--------------------- n rum. 
, . 
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It ,wiil be seen on comparison of these measurements with 
those of the .type skull, that the teeth of No. 2725 are, in nearly 
all · cases, distinctly larger. As already stated, the nose , is 
shorter than in the type specimen. We can hardly doubt, how-
ever, that the two specimens belong to the same species. 
TEETH OF EQUUS NIOBRARENSIS FOUND IN IOWA. 
, I 
The following' teeth, found in Iowa, ~re referre(i to this 
species: 
, Two teeth numbered 124 and ;1.21 were described and figured 
by Dr. Calvin in his paper on Aftonian Mamma.lia (Bull. Geol. ' 
Soc . .,Amer., VoL XX, p. 347, pI. xxi, figs. 3, 4). They had been 
found in the Cox gravel pit at Missouri Valley, Harrison coun-
ty. Both of these teeth are sawn across at the upper end, so 
as to show the arrangement of the enamel bands. In both 
teeth' this resembles so closely that of the type of E'qlUlUs nio-
brarensis, that they are referred without hesitation to that 
species. On account of the missing part of the crowns, the ex-
a.ct height cannot be determined. 
The following are the other dimensions: 
Tooth 
124 
121 
Length 
29 mm. 
29 mm. ' 
Width 
28 mm. 
2~ mm. 
ProtocOD(J 
13 mm. 
16 mm. 
.' The tooth which bears the number 283 a, is one that has been 
rolled and water-worn. It was found in the Elliott pit, at 
TuriI,l, Monona county. It is a left upper molar, the first or the 
second,. The height of the crown is 55 mm.; the length, 29.5 
~.; the width, 29.5 mm.; ,the protocone, 14 mm. The dimen-' 
sions of , the tooth and the pattern of the enamel indicate dis-
tinctly that the tooth belonged ,to Eqwus niobrarensis. , 
, A tooth, numbered 117 and which seems quite certainly to be 
a right upper premolar, probably the fourth, was described and 
figured by Calvin , (Bull. Geol. Soc. Amer., Vol. XX, p. 345, pI. 
xviii, figs. 2, 4), who referred the t~)Ot~ to Equus scotti. The 
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specimeIl. was found in the Cox gravel pit at Missouri Valley. 
Professor Calvin gave as the height ("length") of the tooth 82 
mm.; as the length (" antero-posterior diameter"), 35 ·mm.; 
and as the width ("transverse diameter"), 33.5 mm. In obtain-
ing the last two dimensions that author included · the . cement; 
whIch for various reasons it is not well to include. The meas-
urements obtained by the present writer are as follows: Height, 
82 mm. ; 'length, 33 mm.; width, 33 mm.; protocone, 15 mm. An 
accurate pen drawing is here presented showing the arrange-
ment of the enamel on the grinding fa.ce (Fig. 78). Dr. Calvin's 
figures also are reproduced (PI. X, figs. 2, 4). It Will be ob-
served that . there is rio great aHlount of folding around the 
lakes. Both of these are deeply notched in the front border, and 
Flg. 7S Fig. 79 
Figs. 78. 79. Equus niobrarensis. Premolars. Xl. . 
78. Grinding surface of supposed right upper foul'th premolar. No. 117 
State University of Iowa. . 
79. Grinding surface of supposed thIrd premolar of left side of upper jaw. 
No. 185 State University of Iowa. 
the anterior lake shows a deep inlet opposite the heap of the 
post-protoconal valley. .There is , no such crimping of the ad-
jacent faces of the lakes as usually appears in Eqwuscompli-
ca·tus and E. scotti. The lakes are very wide. The post-proto-
conal valley is wide and deeply notched at its head. The tooth 
is a very large one. In size it agrees with the fourth premolar 
of E. scotti, but is considerably larger than the molars of the 
latter. ,The arrangement of the enamel is much simpler than 
. in the ordinary specimen of E. scotti; even simpler than in the 
first true molar of the type of the species, ' as figured by Gidley. 
The arrangement of the enamel re,sembles. so strongly that in 
the type of Equus niobrarensis, that the tooth.is referred , to 
that species, notwithstanding tb.at it is considerably larger than 
200 MAMMALS OF THE PLEISTOCENE 
the teeth of the : type. It is possible, nevertheless, that . it be-
longs to E. ,complic{})tus. 
A left upper molar" No. 327, from the Cox pit, was collected 
by Shimek and is to be referred to E. niobrarensis. Here, too, 
belongs No. 123, collected by Shimek from the Cox pit. It is' 
the left second premolar. 
It can hardly be doubted .that a tooth, numbered 185, belongs 
to the same species as No. 117, above mentioned. It was found 
at Missouri Valley, Harrison county, in the Cox pit. The height 
is 88 mm.; the length of the grinding face,. 33 mm.; the width, 
29 mm. ; proto('.one, 15 mm. The anterior outer pillar is very ' 
fiat and the tooth is certainly a left upper premolar, probably 
pm.B• The lakes of No. 185 (Fig. 79) are not so wide as those 
of No. 117. The enamel of the adjacent border is very slightly 
more qrimped than in No. 117. The post-proto conal valley is 
broad and it presents the peculiarity of sending far outward 
the hinder branch at its head, so as almost to touch the anterior' 
lake. A loop of the latter enters the notch in -the post-protoconal 
valley. These relations are doubtless due to the fact that the 
tooth had undergone but little wear. The tooth 1S rererred to 
Equus niobrarensis with some' doubt. ' 
The portion of a tooth, bearing the number 122 a, was found 
in the Elliott g;ravel pit, at Turin, Monona county. It presents 
a little more than the hinder half of the crown of an upper left 
molar or possibly premolar. It was mentioned by Calvin (13~11. 
Geol. Soc. Amer., Vol. XX, p. 347), who referred it to Eqwu,s 
complicat~£s. In thus identifying the species Doctor Calvin fol-
lowed Gidley who then referred to E. complicatus the horse 
here called E . niobrar-ensis., The tooth at hand appears .to have 
just begun to wear, inasmuch as the two lakes are not completely 
separated. ' The tooth has a height of 70 mm.; and a width of 
?8 mm. ,The enamel has the arrangement seen in E. niobrar-
ens~s. 
Number 136 of ' the catalog of the State Univer,sity 6f Iow.a 
collection is a fine large upper premolar of the right side. It 
, was collected by Shimek in the Aftonian sands at Tl,uin, Iowa. 
From the same locality is another premolar, still larger, cred-
ited to Mr. Babcock and found i,n the Aftonian gravels. It be-
.longed on the left side. The height of the tooth is about 95 mm.,; 
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the length of the grinding surface, 32 rom.; the width, 30 mm. 
The tooth has the number 284. 
The nUl:qbe'r 369 has been given to a large upper premolar of 
the right side, probably the ' third, which was found in the Cox 
gravel pit at Missouri Valley, by Mr. Earl Barnum, and secured 
for the Iowa University c~llectior. by Prof. Geo. F. Kay. The 
toot.h is in good condition and was only moderately worn at the 
death of the animal. The height of the crown is 76 mm.; the· . 
length, 33 rom.; the width7 28 rom.; the protocone, 18 mm. The 
tooth is identified as that of Equus niobrarensis, but it must 
be admitted that it belQngs possibly to Equus complicatus. It 
is somewhat larger th:~m the corresponding tooth of the type of 
Equus niobrarensis, but otherwise agrees with it. 
In the collection at the Iowa University is a horse's tooth 
which was found in a well, near Montrose, Lee county, at a depth 
of twenty-five feet. The catalog number is 71. The grinding 
surface is covered with a part of what appears to have been a 
cl1lcareous nodule, and on this account . the species ha s not been 
determined. At the depth where it was found it seems pro~able 
that Aftoman deposits may have been reached. , 
A much worn upper cheek-tooth of the right side, probably 
·pm.s, which after death had been rolled and waterworn~ was 
found in the Whitman gravel "pit, on section 22; township 64 
north, range 41 west, about five miles south of Rockport, Atchi-
son coUnty, Missouri. It has the catalog number 361. It. height 
is a bout 40 mm.; the length, 31 mm.; the width, 33 mm.; the ' 
protocone, 18 mm. The latter is unusually wide . . The enamel 
bas a: very moderate complication and seems to agree with that 
of Equ~ niobrarensis. . 
In the State Univers~ty, of Iowa is a tooth, loaned arid without 
number, which was found in the Coilins pit, one mile southe:a~t 
of Sioux Falls, South Dakota: It appears to belong ~o the. speci~s 
here described. ' ". ' 
J • ~ • 
, " 
Equus . laurentius Hay. 
. -
"f!JqUttS laurentiu,s was :first described by the prese'nt \viiter 'ih 
the P~oceedings of the D.,·S. Nati~Ilal' Muso~m, Vol. XJ~W, 19i3, 
p'p: 584-591, and illustrated by' plat:es lXxii, lUiii and 'texCfrg-
, ( 
, 
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ures 25-27. The plates are here reproduced ,(PIs'. XVII, XVIII). 
For the photograp,hs the writer is indebted' to the University of 
'Ka:nsas and fo1' , figure 80 to the U. S. National Museum. The 
type of this 'species is a nearly complete skull which is preserved ' 
in the paleontological department of the University of Kansas. 
',The only part that is missing, is the extremities of the 'nasal 
bones. The specimen bears the catalog number 347. 
This' skull was found In 1910, after fa :period of high water, on 
a sand bar, on the north side of .Kansas. river, near North Law- ' 
rence. With the skull were found the femur · of a carnivore 
which Prof. Roy L. Moodie -has identified as that of Snrilodon, 
and the qas'e of an elk's antler:, In 1903 there were secured, 
about one mile north of the place where the horse skull was 
found, some skulls of the existing bison, besides the horn-core 
and hinder 'part of the skull of a bison which Prof. C. K Mc-
Olung has described as Bison kansensis. The 'skulls of the ex-
isting bison appear to be less mineralized than the horse skull 
and the bison described by Professor McClung, and probalHy 
were derived from a more recent deposit. It would be interest-
ing to know. from what level the elk's antler had been derived. 
Taking into, account all the circumstances the writer believes 
that 'Kansas . river had attacked some deposit of the Aftonian' 
interglacial stage and likewise sOme later deposits. 
The form and proportions of this skull are illustrated here 
by several figures. The following measurements were taken 
from it by the writer during a visit at the Kansas State Univer-
sity. The animal was mature, but not old. , 
MEASUREMENTS OF SKULL OF EQUUS LAURENTIUS. 
From middle of incisive border to front of foram'en magnum _____ : _ 481 mm. 
From middle of incisive border to front of the posterior nares______ 260 mm. 
,From middle of incisive border to naso-premaxillary notch ________ 163 mm. ' 
From middle of incisive border to middle of occipital crest________ 541 mm. 
From. middle of incisive border to front of pm.' ____________________ 128 mm. 
From middle of incisive border to front of orbiL:_________________ '293 mm. 
From front of orbit to naso-premaxillary notch _____ ~____________ 183 mm. 
Width across mastoid ' processes ______________________________ ~ _____ 117 mm. 
Width across articulations for lower jaw _____ .:. ____________________ , 197 mm. 
Width from outside to olftside ,of last molars ________ ,_____________ 132 mm. 
Width from outside to outside of last premolars__________________ 127 mm. 
W,idth from outside to I;>utside of canines__________________________ 61 mm. 
Width from outsi4e'to outside of outer incisors____________________ 65 mm. 
Width on m~xillary ridge at maxillo-malar suture _________________ 177 mm. 
Width between the,rear of the orbits ______________________ -___ :.. _____ 207 mm. 
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Distance between the front of the orbits ___________________________ _ 153 mm. Width of palate at last molars _____________________________________ _ 
Width of palate at pm.' _________ .: ___________________________________ _ 
Width of palate at diastema, least _________________________________ _ 
Length of orbit __________ , ____________________ ~ ______________________ _ 
72 mni. 
61:l mm, 
45 mm. 
65 rom. 
}'rom front of symphysis of lower jaw to rear of ascending ramus...: 415 mm. Length of symphysis ______________________________________________ _ 
Height of jaw at front 'of m,, _______________________________________ _ 
FroJT1 rear of canine to front 'of pm.2 ______________________________ _ 
82 mm. 
73 mm. 
68 mm. From front of ~anine to rear of i. s _________________________________ _ 5 mm. 
MEASUREMENTS 'OF THE UPPER TEETH (FIG. 80) . 
Length of premolar-molar !1eries-___________ .,. ______________________ _ 
Length of premolar series _______________________________________ -; __ _ 
Length of molar series.:. _________________________ ___________________ _ 
160 mm. 
87 mm. 
73 mm. 
Pm. 2; length ___________________________ .: _______ ' _____ _______________ _ 35 mm. width ___________________________________________________ .: ____ _ 24,5mm. 
protocone _____________________________ ~-----------~--------~-- 8 mm. 
Pm. a, length _______________________________________________________ _ 26 mm. width _________________________ ~ _____________ :_~ ______________ _ 24.5mm. protocone ____________________________________________________ _ 9 mm. 
Pm.', length _________ _______________________ ___________ ___ __ _____ ~ __ 
width ___________________________________________ ~ ____________ _ 25 mm. 25 ' mm. protocone ___________________________ ~ ________________________ _ 10 mm. 
, . 
~.', ~fdft~h _========~========================~====================== 22 mm, 23,5mm. protocone ___________________________________________ ~ ________ _ 10.5mm. 
~. 2, length _______________ • __________________________________ • ____ _ 23 mm, width ________________________________________________________ _ 23.5mm. protocone ____________________________________________________ _ 13 mm. 
~,' , length __________ ~ ____________ ~ _______________________________ _ 30 mm, width ________________________________________________________ _ 22 mm. protocone ______________________ ' ____________________ ~ _________ _ 14 mm. 
MEASUREMENTS OF THE LOWER TEETH (FIG. 81)': 
Length of the premolar-molar series _______________________________ _ 175 mm. Length of the premolar series ______________________________________ _ 89 mm. Length 'of the molar series ______________ ~ __________________________ _ 86 mm. 
Pm." length ______________________ __ __ _____________________________ _ 
width ___________ : ________________________ -------~----------__ _ 32 mm. 15 mm. 
Pm.
a
, length _______________________________________________________ _ 28 mm. width ' _________________________ ~ ________ ______________________ _ 16,5mm. 
Pm .• ,' length ___________________________ :.. ___________________________ _ 29 mm. width ________________________________________________________ _ 
16 mm. 
~. " length __________________________________________ ______ __ _____ _ 25 rum. 
width ____________ ~ __________ ~------------------------------__ _ 15 mm. 
~. " length ______________________________ ~----:---~------~--------- 26 rum. width _____________________ ___________ ~ _________________ ______ _ 14 mm. , 
. M.
a
, length ________________ ' _______________________________________ _ 30 mm. 
\vidth ______ __ ____________ ~------------------------~--------__ _ 14 mm. 
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Fig .. 80 Fig. 81 Fig. 82 
E</-uus· ··IClurlmti1!s. . Jaw and teeth. 
Upper cheek-teeth of left side of .type. X. 7 4. 
Lower cheek-teeth of left side of type. X .74. 
Lett .slde Qf. upper jaw, with .teeth. X .53. No. 4991 National Museum . 
. , 
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In the U. S. National Museum there is a palate which presents 
the complet~ upper dentition of a horse which seems to have 
belonged to the species here described. Its eatalog number is 
4991, and the specimen was collected by J. B. Hatcher, in 1886, 
near Hay Springs, Nebraska. Figure 82 shows the dentition of 
the right sid~. The animal was considerably older than ,the type 
specimen. 
The following measurements are given in order to show what 
seems to be the essential agreem'ent of the specimen wi,th the 
type and' at the same .time some deviations therefrom: 
MEASUREMENTS OF SKULL AND TEETH . 
• 
. , 
From front of incisor to rear of line joining m. 3 of the two sides- 275 mm. 
From line joining fronts of pm.~ to front of premaxillae __________ 117 mm, 
Width of premaxillae at base of ,i. 3 _________________________________ 70 mm. 
Width of palate between c. and pm,' , riarrowest_____________________ 40 mm. 
Width at border of nasal opening just above lasL_________________ 69 mm. 
Width of face opposi,te middle of pm.· ______________________________ 136 mm. 
Width of face opposite m. 2 __________________ __ ____________ "'__ __ __ ___ 180 rom, 
Width of posterior nares __________ -;_________________________________ 51 rom. 
Length premolar-moiar series ___________________________ ~___________ 158 rom. 
Length premolar series ___________________ ____ __ _____________________ ' 87 mm. 
Length molar series ___________________ ________________ :. __ :._________ 72 mm. 
Pm.', length _______ .:. ________________________ ~ ______________________ _ 3fi mm. width ________ :. _____________________________________________ --- 23 rom. protocone ____________________________________________________ _ 11 mm. 
Pm. 3, length ________ _______ ________________________________________ _ 2:- m1'Yl. width ___________________________________________________ _____ _ 27 mm. protocone ____________________________________________________ _ 14 rom. 
Pm.', length _____ ~ _________________________________________________ _ 25 mm. wIdth ________________________________________________________ _ 25,4mm. protocone ____________________________________________________ _ 15 mm. 
M.', length __________________________ __________ __ _____________ __ __ _ 23 mm. \vidth' __________ __ ____________________________________________ _ 25 mm: 
protocone _ ~ ________ ~------------------------------------------ 14 mm. ' 
M. 2, length ____________________ ___________ ~ _____ __ :. _____ _______ ~ __ _ 23 ml'Yl. 
widtb ________________________________ , ________________________ _ 24 mm. protoconc _____________________________ :. ______________________ _ 13 mm. 
M, 3, length __________________________________ .:_____________________ 27 mm. 
width _________________________________________________________ 21.5rom. 
,protocone _____________________________________________________ 13 mm. 
1." diameter from side to side ________________________ ~---------~- 15 mm: 
.r!, diameter from side to side____________ __ ______________________ 15 mm. 
I. · , diameter from side to side___________________________ _________ 14, mm. 
I 
I . 
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The cheek-teeth are worn down to a height of about 50 mm. 
It is to be noted here that, whilE' ,ihe diameters of the corre-
sponding teeth in the two specimens are 
practically the same, the length of the pro-
tocone in No. 4991 is considerably greater 
than in the type specimen. It appears, 
however, in" general, that one · must not 
place too much reliance . in the size · and 
form of the protocone in iq,entifying 
species. 
In the Lawrence specimen it will be seen 
that the axis of the po'st-protoconal valley 
in the third and fourth premolars is di-
rected nearly to the anterior outer corner 
of the tooth. In the molars the axis pro-
longed strikes the middle of the next tooth 
in front; or, in .the case of the last m91a-1', 
the front of the next tooth. .In the Hay 
Springs . specimen the prolongation of the 
axis of all the molars reaches the anterior ' 
pillar of the ' next tooth in front or even 
farther in front. The front border of the 
anterior lakes . is more deeply notched in 
the Hay Springs specimen than in that 
from Lawrence, and the same statement is 
true regarding the hinder border of the 
posterior lakes. In that border of the an-
terior lake which is opposite the head of 
the PQst-protoconal valley, there is in the 
Hay Springs horse a double folding of the 
enamel resembling an M; whereas, in the 
horse from Lawrence, the fold is usually 
simple. From the table on page 203 it Fig. 83. EqUU8 laurenti:us. 
will be seen that the nose of the ' Hay Cheek-teeth of ' right 
side. Xl. No. 133 State 
Springs horse is slightly wider than in the University of Iowa. 
other horse. Nevertheless, one would · hardly be justified in 're-
garding the two specimens as belonging to distinct species. 
The writer's studies on 'the horses seem to indicate that Equus 
niobrarensis possessed a skull which was wider in the rear than 
EQUUS' LAVRENTIUS FOUND IN IOWA 
that of the domestic horse but that it narrowed more in front; 
while Equus l,aurentius had a skull relatively nearly as wide, but 
with a long nose. These conclusions may, of course, be modified 
by other specimens. " 
To this 'species the writer re~ers certain teeth which have been 
found in Iowa, as follows: ' 
I~ ' the collection of the n niversity of Iow'a is, a part of the 
left maxilla with five teeth: The number is 133. It was found 
somewhere near Sioux City. The specimen was figured and de-
scribed by Calvin in his paper on Aftonian MammFllia (Bull. 
,~ , GeoI. Soc. Amer., Vol."Jpr, pp. 347, 348, pI. xx). This plate is 
here reproduced on plate XIII, figure 3. In order to illustrate 
more' clearly the arrangement of the enamel, a pen drawing is 
, here pr~sented (Fig. 83). 
This specimen was identified by Calvin as Equus scotti. He 
regarded as belonging to the latter species the materials col-
lected at Hay Springs and described in the present work as a 
distinct species, Equus niobrarensis. However" the present 
writer identifies the Sioux Oity specimen as Equus laurentius. 
The specimen belonged to an oldhor'se and the tee.th are not in 
. a good condition for identification. They are worn down to 
about an inch from the roots; and, as a result, the arrangement 
of the enamel is much modified. In the first true molar the an-
terior lake has disappeared ~nd the posterior one is nearly 
gone. It seems probable that the length of each grinding surface 
has been shortened somewhat, but this is not necessarily true; 
and, in the case of the front two premolars, the shortening may 
be wholly compensated by the obliquity of the worn grinJing 
face~ 
The following are the measurenient$ secured: 
MEASUREMENTS OF TEETH. 
Pm,2 to M,', inclusive _______ .:._' _________________________________ .:___ 137 mm. 
Length 'of ,the premolars _______ .:____________________________________ 91 mm. 
Pm", length ________________________ :.. _______ .:._______________________ 37 rom. 
width _____________________ '-________________________ '___________ 24 mm. 
protocone ' ___________________________ -'_________________________ 10 mm. 
Pm.·, length _____ -,------------------------,----------------------___ ,_ 28 mm. width _____ .:._' ___________________ '________________________________ 27.5mm. 
protocone _-:_, _____ , __________________________________________ ; _ 13 mm. 
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Pm.', length ________________________________________________________ 25 m.m. 
width _________________________________________________________ 28 mm. 
protocone __ :-__________________________________________________ 13 nun. 
M.', length _______________________ -, _____________________ ~ _________ :. 23 mm. 
width ____________________________________________ _____________ 26 mm. 
protocone _____________________________________________________ 13 ' mm. 
M. 2, length ___________ ~ ___________ ~________________________________ 24 mm. 
;ig;~coiie-================================~===========~======== i~~: 
In size these teeth exc'eed somewhat those of the type of 
EqtlUS laurentius and of the specimen referred to it, now in the 
U. S. National Museum, No. 4991 (Fig. 82), In size they do not 
differ much from those of the type Equrus niobrarensis; but 
there was originally evidently more complication of the enamel 
around the lakes than in E. niobrMensis, and there is no indi-
cation that the proto conal valley had the deep re-entering loop 
at its head or the great prolongation of this to the center of the' 
tooth. Furthermore, the third premolar has almost exactly the 
same size as that of No. 4991 of tbe U. S. National Museum. 
The specimen here descr~bed shows that the posterior palatine 
foramen opened opposite the last molar, and that the bone of 
the hinder region of the palate was thin, differing thus from 
the type of E qttUS excelsus. 
In the State University collection, with the number 250, are 
three lower right molars which are referred to this species. 
The~e were secured , by Professor Shimek in the second. cut 
along the Illinois Central railroad east of Sioux Falls, South 
Dakota.. They were found in the Aftonian silts. In the s~me 
{loliection, with the number 128, is an upper last molar which 
'Shimek found in the Cox pit at Missouri Valley. It appears 
to belong to this species. Another, a left lower tooth,' No. 126, 
likewise appears to belong here, and was found in the Cox pit. 
From Prof. J. E. Marshall, of Council Bluffs, the writer has 
received for examination various teeth of horses which had 
peen found at Henton Station, Mills county. A part of .these 
have already been mentioned under Equus Gomplicatu8. One 
very fine tooth, a left upper premolar, probably the last, is 
found to belong tq Equus laurentius. This had begun to' wear 
only a short time before the death of-the-animal. T.he height 
.is .% . mm.; the length of tne. grinding . surf~ce, .26 mm,; the · 
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width, 25 mm. The tooth is considerably curved, so' as to be 
concave o.n the inner face and on the hinder. The enamel of 
the lakes is somewhat more folded than in the , type, but there 
can be no hesitatio~ in referring the tooth to E. laurentius. 
At the close of the descriptions of the horse remains which 
, may, with some certainty, be refl'rred' to their proper species 
may be mentioned two specimens which are in the collection of 
the St'ate Unive'rsity of Iowa ,and whose specific relationships 
are undeterminable. 
The' first of these is a femur of the left side, No. , 320. This 
was found by Mr. W. E. Babcock, in the Elliott sand pit, at 
Turin. The following measurements wer.e taken: Length 
from the upper surface of the head to the distal end, 393 mID.; 
width across the head to ,the outer side of the bone, 120 mm.; 
fore-and-aft diameter at the middle of the length, '47 mm.; 
transverse diameter at the middle of the length, 54 mID.; fore-
and-aft , diameter of the outer condyle, 105 mm.; same diam-
eter across inner condyle, 122 mID. 
Number 136 of the same collection belongs to a left tibia 
which wa~ found by Ira A. Williams, in the Cox pit, at Mis-
souri Valley. The proximal end, including about that part be-
longing to the proximal epiphysi~, is missing. The following 
measurements were taken: Length of fragment, 345 mID.; 
width of upper end, on hinder face, at the level of the nutri-
tious foramen, 56 mm.; transverse diameter of shaft 100 mID. 
, ,below the nutritious foramen, 49 mm.; fore-and-aft diameter 
at the same place, 42 mm.; transverse diameter at the lower 
end, 75 mm. 
From this locality were obtained four cannon-bones, 'three, 
phalangea;l bones, and a left radius . 
. Superfamily TAPIROIDEA. 
Th~ Lopbiodont:~; and Tapirs'. 
", . . 
p nder thi (3 superfamily are ~r.ra:nged the ~apirs and their 
extinct r elati.ons, whlch were so numerous d'i;lr1ng the Tertiary 
period. T,he group is , to be r egar ded a~ one far less p~ogres,­
sive than is that to which tl;l.e 10rs'es. helong. ".The che,ek-teeth 
14 ' 
I . 
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, , 
are always low-crowned and the upper ones lack the interme-
diate cusps. Those of both jaws are characterized by having 
, the crown traversed by two prominent crests; those of the up-
per jaw by having, besides, a prominent w~ll joining the outer 
ends of the two crests. Thus there is, between the two crosEj-
crests, a valley which opens on the side of the tooth next the 
tongue. In the animals of this group the digits are never less ' 
than three. , 
Although tapirs, belonging apparently to two species" con-
tinued to exist in North America well into. the Pleistocene pe-
riod, no remains of thes~ hav,e yet., so far as the writer knows, 
been found in IQwa. A map showing the localities where 
tapirs'remains have been found in the United States may be 
found in volume LIX of the Smithsonian Miscell~neous Collec-
tion, 1912, No. 20, page 11. N one of these fall within the region 
covered by Wisconsin drift; from which fact the writer be-
lieves the conclusion justified that these animals had, by ' the 
time of the Wisconsin stage, been driven far to the south in 
the , United States, if not into C~ntral and South America, 
where three or four species yet exi~t. 
Superfamily RIDNOOEROTOIDEA. 
The Rhinoceroses. 
During the Tertiary period the group to which the ~hinoc­
eroses belong was represented in our country by numerous 
genera and species; but none are known to have lived at any 
time during the Pleistocene. 
Suborder ARTIODACTYLA. 
The Even-toed Hoofed Mam;rnals. 
llngulata which have the third and fourth digits of each limb 
equally developed; second and fifth digits more or less re-
duced, sometimes ending in hoofed phalanges, sometimes 
wholly wanting; presacral vertebral always twenty -six; fem~r 
without third trochanter; the astragalus with a grooved 
trochlear surface for the tibia, and another ' for the navicular 
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and cuboid,; :fil;mla articulating with the calcl;lneum; t~eth va-
riouslY 'modified, sometimes in , full number, forty-four, some-
times with some of those in front of the second premolar want-
ing; incisors never furni,shed with a cup, or pit. 
The Artiodactyla include, besi~es a considerable number of 
extinct families, the swine, the llippopotami, the camels, the 
deer, the giraffes, the antelopes, the sheep, the goats, the 
musk-oxen, and the oxen. ~ichard Lydekker has recently 
called attention to the ' fact that, while there are yet existing 
less , than a score of perissodactyls, there are between one and 
two hundred species of existing artiodactyls. All the conti-
nents have been occupied by members of the group; but Aus-
tralia only through recent introduction by man. The oldest 
forms are found in the Lower Eocene. ' In the Upper Eocene 
and succeeding epochs the group is represented by increasing 
numbers. 
As to their food habits, all nourish themselves on vegetable 
material; but some of them, as the swine, readily devour ani-
mal matter. . 
In the Pleistocene of North America the following super- -
families are represented: Suoidea (piglike ungulates), Cam-
eloidea (camels) and Booidea (deer, sheep, goats, and oxen). 
Superfamily ' SUOIDEA. 
The Hogs and Peccaries. 
Even-toed ungulates with usually four functional digits in 
each foot; but these in some cases reduced to three or even to 
two; tooth formula, i..!y!-; c. t. pm. !:~. , m. j; the .molars fur-
nished with four conical cusps which are connected so as to 
form two cross-crests, between which may be found few or many 
accessory tubercles; canines usually large and trenchant. 
Although remains of true ' hogs, Suidre, have been reported ' 
from the Pleistocene ' deposits -of the United States, they have 
probably in all cases belonged to the introduced domestic 
swine. On ,the other hand,' the peCcarleS (Tayassuidre) are 
numerously represented. 
212 MAMMALS OF THE ·PLEISTOCENE 
During the Tertiary period many genera of hoglike animals 
existed in the United States, some of which reached propor-
tions much exceeding those of t4e domestic hog. 
Family Tayassuidae. 
The Peccaries . 
.- Hog-like ungulates, With two or four hoofed digits in the 
fore f.eet .and two or three in the hind.er. Tooth formula, 
i. 8':2. C. 1, pm. j , m. j. Lower incisors directed forward, the 
upper ones downward. C'anines large, the upper ones with 
hinder border sharp; the lower ones with the ant"erior border 
subacute. Molars witli four principal cones and often with in-
termediate cuspules and tubercles. 
Of this family three genera are recognized as having been 
represented in our country during the Pleistocene, Tayassu, 
Platygorius, and Mylohyus. ' . . 
ANALYSIS OF GENERA HERE DESCRIBED. 
1. One premolar or none like the molars; .cusps short and 
couical; diastema between canine and premolar not equal 
to one-half the length 6f the premolar-molar series, and 
less than the width vf the palate. .Tayassu. 
2. No premolars like the molars; cusps high, those ' of each 
pair forming a crest ~cross the tooth; ' diastema equal to 
about two-thirds the length of the premolar-molar series; 
the palate here :qearly as .wide a~ the length of diastema. 
. Platygonu~. 
3. Two premolars like the molars; molars and premolars 
like those 'of Tayassu, but sometimes at least, with the 
enamel more rugose;' cross··valleys more or less blocked 
up by accessory cusps; diastema as .long as, or nearly as 
long as the premolar-molal' series i width of palate much 
less than th,e length of the djasterp.a. Mylohyus. 
'. ' 
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Genus :rAYASSU ,Frisch. 
(The genus Dicotyles of older authors.) 
'Peccaries with four hoofed 'digits on front feet; three on 
hinder; metatarsals three and ' four coossi:fi:ed ill the upper 
half; snout rather short;' teeth, i. j-, c. t, pm. i. m. i; molars 
with four low cones and weak accessory conules; the 'Cones of 
each pair separate9. by a longitudinal valley; lower molars like 
the upper but longer, the hindermost one with a well developed 
heel; n~ premolar or one with two pairs of cross-crests. 
The members 6f this genus have four digits furnished with 
hoofs in the fore limbs; but the irmer one and ' the outer one 
'(second and fifth) are short and slender, usually 1l0t reaching 
the ground. In the hinder legs the second digit hardly touches 
the ground, 'but has the usual num~er of bone$; the fifth digit 
is represented' only by a splint~bone about an inch -lo~g and 
hidden under the skin. 
The' species of this genus inhabit, at the present day, the 
region extending from the Red River of Texas, through Cen-
tral and South , America, to Patagonia. Several species have 
been established, and these have been divided into two gen-
era or subgenera, Tayassu arid' Olidosus.. Certain' fos'sil re-
mains of peccary, found at 'several localities in the United 
States, have been asstgned to the living species, under the 
name Dicotyles torq~tatus ' and D. tajac~lt; but, as Leidy finally 
concluded, they belonged, probably, to an extinct species. 
Hence, Leidy'S specific name lenis is here adopted for it. 
l'ayassu lenis(Leidy). 
This is the peccary recorded in the author's Bibliography 
and Catalogue 'of the Fossil Vertebrates o~ North America, 
page 659, under the name Tayass'Ul tajacu. Of course, ' some of 
the literatu're ' there ' cited refers to the ' living peccary. 
Tayassu' lenis was based by Leidy (Jour. Phila. ,Acad., 1869, 
. Vol. VII, p. 384) principally on two teeth that had been found 
near Chai'leston, South CnroliP-a, and which he had described 
and figured In 1860 (Holmes' Post-Pliocene Fossils of South 
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Carolina, p. 108, plate xvii, . figs. 13, 14). One of these teeth is 
the second, the other, the third, lower molar. Inasmuch as -it 
is not wholly certain that. both .teeth belonged even to the ' same 
species, it seems, best to choose as the type of T. lenis, the third 
true molar. Judging from Leidy's figure, this has a length of 
18 mm. and a width ·of 12 mm. This is slightly larger than the · 
same t00th in the Texan species, T. angulatum; and some other 
differences seem to exist. 
Other remains of a true peccary resembling some Of those 
now living have been found in the ' read region of Wisconsin, 
and in Iowa, Indiana, TIlinois, and West Virginia. Whitney 
(Rep. Geo!. Surv. Upper Mississippi Lead Region, 1862, p. 133) 
stated that he had obtained some teeth of a peccary, from a 
crevice near Dubuque. These were submitted tv Dr. Jeffries 
Wyman, who judged them to belong to the existing peccary. 
They occurred with remains of mega]onyx, imbedded in clay, at 
a depth 'of ten feet from the surface. Wyman states in his re-
port (op. cit. p. 422) that he examined three teeth, but he did 
not say exactly where they had b<?E)n found. . 
The scanty remains which are referred to this species have 
not been well described and are not at present accessible. In 
order that' bones anq teeth which may be found within the state 
may be identified properly, it is thought best to give here a de~ 
~cription of the skull and teeth of the collared peccary, the ani- . 
mal which inhabits Texas and the region .southward and west-
ward. This . description is taken from No. 52128 of ·the V. S. 
National Museum, a female taken at Fort Bowie, Arizona. How-
ever, figutes of the skull and teeth of the same species are taken 
from Baird's Marninals of North America (pI. lxxxvi, figs. la, 1d, 
1h, 1i). 
The figures of the skull (PI. XI4', figs. 1, 2) show that it re-
sembles considerably that of a common ' hog, but it differs in 
several respects. Seen in profile the region: between the eyes 
is convex, instead of being concave, as it is in the hog. It is also 
convex from side to side between the eyes; whereas, in the hog, 
it is fla~. The front of the orbit is half-way between the rear. of 
the skull and. the infraorbital ,foramen; and the latter is over 
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the. 'fourth premolar; in the hog the front of the orbit is much 
nearer the foramen. In the hog there is hardly any space be-
tween the canine teeth and the first . pr.emolar. In · the peccary 
the first premolar is missing entirely and the s.econd one is fiu 
away from the canine. In the hog there is a pair of very long 
processes in front of the occipital condyles; in the peccary, 
these are of very moderate size. The molars of the hog ar~ far 
more tuberculated than are those' of the peccary. . 
In the case 'of the skull from Arizona, mentioned above, the 
following measurements have 'been taken: . 
MEASUREMENTS OF SKULL. 
Dist ance from front of premaxillae to front of occipital foramen (basilar length) _________________________________________________ _ 
Dist ance from front of premaxillae to middle of occipital cresL_ 
. Dist ance from front of ocCipital foramen to line joining the rear 
. of last molars _______________________________ ~-----------------.--
Dist ance from front of occipital ·foramen to line joining rear of the' glenoid fossae _________________________________ _______________ . 
Dist ance from front of premaxillae to front of orbiL ___________ _ 
W.idth of skull just above ear openfngs_~ _________________________ _ 
Width. of skull at front of glenoid fossae _________________________ _ 
Width of palate, between canine and pm. 2 _~ _______________ ________ _ 
Diast ema between incisor and canine _____________________________ _ 
DiaRt ema between canine and pm.' ____________________ ~ ___________ _ 
Distance from front of lower jaw to' line joining rear of c.ondyles 
Height of condyles above supporting surface __ ~ ________ · _________ _ 
Hei ght of coronoid' process above supporting surface ___ · __________ _ Height of jaw below pm .• ______________ ~ __________ ~_~ _____________ _ 
Leng~h of diastema between. canine a~d , pm'2-~------------':------- ' 
. MEASUREMENTS OF TEETH . . 
. . Upper Teeth 
Length premolar-molar series ____ . __________ ~ ________________ :. _____ :.. 
Length premolar series _______________________________ .. ___________ _ 
Length molar series __________________ ~ ______________________ -- __ ~_ 
J>rn. ' , ·length. _______________________________________________________ _ 
width _______________________________________________ , ________ _ 
Pm. 8, ~:fJt~ _======================================================= J>rn. • ,. length ______________________________________________________ _ 
width ________________ . _______________________________________ _ 
, . 
M .1, length --------------------T----------------------------------
width _________ ..::. _____________________ .---------------------__ _ 
1.1.' , length ________________________________ ~ _____________________ _ 
width _______________________________________________________ _ 
,J 
190 rom. 
229 rom . 
68 rom. 
30 mm. 
126 rom. 
86 rom. 
95 mm. 
30 mm. 
17 rom. 
15 rom. 
152 :rmp.. 
60 ImP· 
67 ImP· -
31 rom. 
21 rom . 
64 mm. 
27 rom. 
37 rom. 
9 mm . . 
8.5rom. 
9 m~. 
10 rom. 
]0 mm. 
11 rom. 
12 mm. 
11 rom. 
13 mm; 
12 rom. 
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M. 3, length _______________________________________________________ 13.5rom. 
width __________________ '______________________________________ 11 rom. 
r. 1, width ________________________________________________________ 10 rom. 
r. 2, width ___________________________________________________ ~ ____ , ' 7 rom. 
Canine, height ------------------------------------------------------anine, length at base _____________________________________________ _ 
Canine, thickness at base ~ ______________ :.. __________________________ _ 
Lower Teeth. 
Length premolar-molar series ______________ :.. ______________________ _ 
Length premolar series _________________________________________ .: __ _ 
Length molar series __________________________ .. _____ ., ______________ _ 
Pm." length ________________________ ______________________________ _ 
width , _________________________________________ ~~------ r------
Pm.
B
, length ______________________________________________________ - . 
width _______________________________________________________ _ 
Pm." ~fdft~ _================================~===:================== 
28 mm. 
12 mm. 
8 mm. 
iO mm. 
28 mm. 
42 mm. 
8 mm. 
4.5mm. 
9.5mm. 
6 mm. 
10.5mm. 
9 mm. 
M.l, length .: _______ ~~-----------------------------------------~--_ 12.5mm. ' width ________________________________________________________ 10.5mm. 
M.
2
, length ____________________________ '-_________________________ '- 13.5mm. 
wjdth _________________________ .: __________________________ ..,___ 12 mm. 
M.
B
, leIlgth __ ~ ____ __ _______________ ____ .:_____________ _____________ 16 mm. 
width ___________________________ ..:____________________________ 11 mm. 
1.1, 
1.2, 
, L B, 
width ___________________________ ~ ___________________________ _ 
width ______________________________________________________ .:_ 
width _~ _________ ~ ___ ____________ ___________________ ~'_ _______ _ 
Canine, 'height -----------------------------~------------------------Canine, length at base __ ... _____ ~ _____ .: ____ --------:.------------------Canine, width at base _________ . _____________________________________ _ 
6 mm. 
6 mm. 
5 mm. 
32 mm. 
9.5mm. 
8 mm. 
The first incisor of the upper jaw is ' a relatively large and 
. thick tooth; the second incisor is much ' smaller. In' the lower 
jaw tbefi'rst and second incisors ure narrow and prolonged for-
, ward; the third incisor is much reduced in size. 
The upper canine ha's a ~harphinder border and a rounded 
, front border" which is worn from ' whetting against the lower 
canine~ This latter has the anterior border acute; the hinder, 
flattened and worn against ·the upper canine. 
As will be seen fro~ the figures (PI. XIX, figs. 4, 5) the upper ' 
true molars have four principal cones. In the center of the 
space ' occupied by these is a subsidiary conule. One or two still 
smaller conules' may be pr,esent. These teeth are surround.ed by 
a narrow shelf; the ' cingulum. " 
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The hinder premolar (PI. XIX, figs . 2, 4, 5) has three prin-
. cipal cones and some conules. The next premolar in front, 
pm.3, has two main cones and one or two strong conules behind 
them. The front premolar, pm.2 , is not much different, but is 
smaller. 
In the lower jaw (PI. XIX, figs 3, 6), as in the upper, the 
true molars have each four main cones. Behind each pair of 
., these, and i:p. the longitudinal valley, is a : conule which varies in 
size. The hindermost molar has, in addition, a rather large 
"heel" at the ·rear, made up of two or three conules. The 
- nindermost premolar resembles a true molar, but is' smaller. 
Th~ next premolar, pm.a, has a pair of cl'osely compressed cones; 
and, in front and behind these, conules of considerable size. 
The anterior premolar resembles the one behind it, except that 
it is smaller and there is only one cone. . 
It must be stated that the teeth represented by Baird's illus-
trations (PI. .XIX, figs . 2, 3, 4) are much more worn than those 
that belong to the specimen from Arizona (PI. XIX, figS'. 5, 6). 
It will be seen from the s~ze of the hinder lower molar, that it is 
smaller than the one described by Leidy from South Carolina. 
Too much dependence should not be placed on this; for other 
teeth of the living species, especially of males, will show , .less. 
difference. When fossil peccary teeth shall have been found . 
which appear to belong to the genus Tayassu, they . ought to, be 
carefully compared with the teeth of authentic specimens of the 
collared peccary, T. angulatum. 
Prof. ,J. D. Whitney, in the report referred to, stated that 
remains of a peccary had been found at Burlington; but~whether 
these belonged to Tayassu lenis, or to Platygonus .compressu8 o:r. 
some ?ther species, it is' impossible to say. 
, 
Genus , PLATYGONUI1 Le Conte . . 
Peccaries with moderately elongated snout;- no premolars 
with more than one pair of cusps; molars with the four primary 
cusps strongly developed and confluent in pairS' to form high 
cross-crests; the accessory cusps less developed than in Mylohyus 
and Tayassu; incisors, two on each side of the upper jaw, three 
on each side of the lower; all the feet with 'only two digits each. 
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The type of the -genus is.P. compressus, t,he species described 
below. 
Platygonus compress'l,(,S Le Conte. 
This is, so far as yet known, the most widely 9.istributed spe-
cies' of· extinct peccary. Rehiains referred to it have been found 
in Illinois, Indiana, Ohio, Kentuc1.-y, New Y;ork, Missouri, Iowa, 
Kansas, and probably in Mexico. At 'Columbus, Ohio, a collec-
tion of twelv;e individuals wa's found, six smaller animals in one 
nest eight feet below the surface and six larger, ones about six 
feet away from the first lot and at a deptH of twelve feet. The 
individuals of each nest were lying side by side and with , their 
snouts pointing, it is said, toward the southeast. These remains 
have never bMn adequately described. Most of them are now in 
the Peabody ¥useum of Yale University. . 
This species was described in 1848 by Dr. John L. LeConte. 
His materials had been found in the lead region, near' Galena, 
Illinois, in 'a fissure in the limestone,' at a depth of :fifty feet. 
The, materials consisted of teeth, parts of the upper jaw and 
front of the skull, a part of a lower jaw, a few vertebrre, part 
of a pelvis, and some limb bones. To these he gave the name 
Platygonus compressus, and he appears to have regarded the 
animal more closely related to the tapirs than to the peccaries. 
Other teeth and scanty bones he described under the names 
Hyops depressifrons and Protoohcerus prismaticus; but these 
.were afterwards shown by Leidy to be the same as Platyg'onus 
compressus. 
In 1853 (Trans. Amer. Philos. Soc., Vol. X, pp. 330-341, pIs. 
xxxvi, xxxvii), Leidy described, under the name of Euchcerus 
macrops, a nearly complete skull of a fossil peccary that many 
years before had been found in a saltpeter cave in central Ken-
tucky. He afterwards concluded that this specimen also be-
longed to PlatY,qonus compressus. 
The beautiful figures furnished by Leidy are here rep.roduced 
(PL XX,. figs. 1-3). They show better than any descriptions the 
form of the skull and of its variou~ parts. . 
The following measurements of this skull are taken from 
Leidy's description, his inches and lines being !educed to milli-
, . 
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meters. Some other measurements are introduced,. taken from 
Leidy's illustrationf:;: 
MEASUREMENTS OF SKULL AND TEETH. 
Distance from front of occipital f~ramen to end of premaxillae (basilar length) _________________________________ '-__________ ~--- 286 mID. 
Length of head from occipital condyle to end of the snout__________ 296 mm. Length of frontal bone on midline _______________ :.________________ 53 mID. 
Greatest breadth of the forehead___ _______________________________ 112 mID. 
Breadth at front of glenoid fossae _________________________________ ·114 mID. 
Breadth at second upper molar ____________________________________ 51 mID. 
Breadth at sockets for canines _____________________________________ 60 mID. 
Height from between fronts of orbits to palate______ ____ __________ 87 mID. 
Height of rear of skull from occipital foramen ____________________ 89 mID. 
Length of hard palate _______________________________ :.. _____________ -' 197 . rom. 
Length of upper premolar-molar series --______________________ ~___ 77. mID. 
Length space from canines to premolar ____________________________ 46 mID. 
Lower jaw from condyle to front ___________________________________ 225 mID. 
Height of lower jaw at first true molar ________ '-___________ _______ 37 mID. 
Length of symphysis of lower jaw _________________________________ 72 mID. 
Length of lower premolar-molar series ----__ .:._____________________ 84 mID. 
Upper premolar 2, length ____________________________________ ~_____ 8.5mm. 
Upper premolar 2, breadth _________________________________________ 9 mm. 
Upper premolar 3, length -__________ ~______________________________ 10 mm. 
Upper premolar 3, breadth __ _______________________________________ 10.3mm. 
Upper premolar 4, length __________________________________________ 10 mID. 
Upper premolar 4, breadth _________________________________ ________ 11 mm. 
Upper molar 1, length _____________________________________________ 13.5mm. 
Upper molar 1, breadth ___________________________________________ ._ . 10.5mm. 
Upper molar 2, length ._____________________________________________ 16 mID. 
Upper molar 2, breadth -__________________________________________ 14 mm. 
Upper molar 3, length _____________________________________________ 19.5mm. 
Upper ·molar 3, breadth --__________________________________________ 14 mm. 
Lower premolar 2, length ____ . __________________________ ~__________ 8.5mID. 
Lower premolar 2, breadth ________________________________________ 7.5mID. 
Lower premolar 3, length __________________________________________ 10 mID. 
Lower premolar 3, breadth ________________________________________ S mID. 
Lower premolar 4, length __________________________________________ 11 mID. 
Lower premolar 4, breadth __________ .:______ _______________________ 10.5mID. 
". Lower molar 1, length _____________________________________________ 14.Smm. 
Lower molar 1, breadth ---------_________ ~ _______ ~________________ 10 tom. 
Lower molar 2, length ____________________________________________ ._ 16 mID. 
Lower ;molar 2, brea.dth ----_______ -.: ________ ~-----------...:---------- 11 mID. 
Lower molar 3, length ----------__ .:. ________________ ~ _______ .:. ___ _.:___ 20 mID. 
Lower molaf 3, breadth ___________________________________________ 12 mID. 
Leidy's figures of the teeth 'of this specimen are here re-
produced (PI. XXI, figs. 3-6). On the left are those of the right 
upper jaw, preseniing their grinding surfaces and a view of the 
outer faces. On the right are the lower teeth, showing the 
grinding surfaces and a view of the outer faces. It will be ob-
served that each of the true molal'~ is crossed by two prominent 
ridges or crests, and that a longitudinal cleft divides each of 
these into two cones. These crests and cones are much more 
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prominent than in the living peccaries. Likewise, the trans-
verse valley separatin.g the two crests of each tooth , is less 
obstructed by tubercles than in either Taya~su or Mylohyus . . 
The hinder upper molar has a considerable projection, heel, or 
talon, at the, rear, and this is composed of tubercles. ' From the 
inner cone of each crest, both in front and behind, there, desce'nds 
a, buttress to the middle of the width of the 'tooth. At the base 
0.£ the cones, especially on the outer border of the tooth and ' at 
its anferior end, there is a tuberculated shelf, or cingulum. The 
two other molars are without the talon, but they have a well d~­
yeloped cingulum and Some tubercles in the valley between the 
two crests. 
, The premolars have only one ' cross-crest. They possess 'each 
a well defi:q.ed cingulum ,and buttresses descending from the 
main cones. 
The lower teeth resemble, in general, the upper ones, but they 
are narrower. The molar;; are crossed each by two crests, the 
premolars by only' one each. In the figures of the lower teeth 
(PI. XXI, figs. 5, '6) the hinder premolar was. accidentally re-
versed, so'that the high cones appear to be placed on we front of 
the tooth, instead of the rear. The hinder molar has a consider-
able talon, and the hinder cingulum of the other molars and of the 
hinder premolar, ' resembles a talon. The lateral view of the 
upper and lower teeth illustrates the height of the cones before 
they have suffered any wear. Luter 'in life these teeth would 
present a quite different aspect. 
Some years ago two well , preserved a,dult specimens of this 
species were found in a gravel bank, near Rochester, New York. 
Most of these l'emains are now in the Philadelphia Academy of 
Sciences. Leidy (Trans. Wagner Institute, Vol. II, ,p. 41) de-
scribed them and figured a complete skull. Many comparative 
measurements will be found in his paper. 
Undoubtedly this species lived with a fauna which took pos-
session of our northern states soon after the withdrawal of the 
last, or Wisconsin, ice-sheet. The remains, which have 'been 
found in Wabash county, Indiana, at Columbus, OhiQ, in ,Kent 
county, Michigan, 'and Jl.t Rochester, New York, are all within the 
region 'occupied by the 'Wisconsin drift, and tbere is little proba-
Fig. 84. Platvgonu8 leptorllin1t8. Skeleton of specimen In American Museum Natural History. Found In Kansas. 
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bility that any of these remains wore in deposits laid down pre· 
ceding the Wisconsin epoch. The remains found in the region 
about Galena, Illinois, may belong to an earlier time; but the 
accompanying species do not indicate this. The species ha-s, 
however, been identified by Matthew among materials collected 
at Hay Springs, Nebraska, and these deposits . were certainly ' 
laid d.own early in the Pleistocene. The species may, therefore, 
have lived during. the whole of this epoch. 
In order to jllustrate the structure of the peccaries of this 
genus, the writer has had a drawing (Figure' 84) prepared of a 
specimen of Platygonus leptorhinus Williston. The drawi~g 
was made by Mr. R. Weber, from H photograph kindly furnished 
by the American Museum of Natural History, New York, and 
shows a specimen mounte~ in that museum. This fine skeleton 
is one of a number of individuals that were found together near 
Goodland, Sherman county, Kansas, and which were afterwards 
described by Williston. It will be observed that the animal has 
longer legs than the hog has. It seems to have had a height, at 
the shoulders, of somewhat mort) than two feet six inches (750 
mm.). Comparison of this specimen with other materials has 
convinced the writer that Platygonrus leptorhinus is the same as 
P. compressus. 
Through the liberality of the officers of the Peabody Museum 
of Yale University., t:p.e· writer haR been permitted to study the 
remains representing nearly a dozen individuals ' which were 
found at CQIUmbus, Ohio, about the year 1874. Unfortunately 
the skeletons wer~ not· taken up by persons experienced in such 
work; and, as a result, the bones of different skeletqns are min-
gled together . . The writer proposes to describe' and illustrate. 
the principal bones of the skeleton. 
Figure 1, of plate XXII, gives a view of the atlas seen from 
. below. It belonged to a fully grown individual. The extreme 
width is 90 mm. Figure 2 of the same plate presents a side 
view of all the cervicals except the atlas; while figure 3 shows 
the s'ame bone~ from the right side. The length of these six 
vertebrre is 160 mm. They resemble considerably the same ver-
tebrre in the hog. Figure 4 presents a side view of three dorsal 
vertebrre belonging about the middle of the series. The bodies 
' : 
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of the dorsals vary in length from about 25 mm. to ~bout 35 mIll. 
Those shown here belonged to an animal not wholly grown. 
Figure 1 of plate XXIII presents a , view of the sacrum. In 
front· of it is the last lumbar vertebra j while on the I;ight side 
of the figure is seen a part of the left ilium. 
The scapula, as may be observed in figure 84, is rather long 
and narrow. The length of the bone in a grown animal is about 
225 mm. j the · breadth at the upper end from 90 to somewhat 
more than 100 mm . . The bone resembles that of the domestic 
hog, but in the latter animal, it is relatively broader, and the 
spine ascends nearer the anterior border. 
The humerus (PI. XXIII, figs. 3, 4) resembles cons~derably 
that ·of the pig. In the skeleton shown here by figure 84 the 
bone has a total length of 197 ·rom.; from the top of the head to 
theextren;ri.ty of the outer condyle, 180 mm. At the middle of 
the shaft, the fore-and-aft diameter is 32 mm.; the transverse, 
21 mm . . Four or five humeri afYale have each a total length of 
200 rom. In one measurEld, the. length from t~e-upper surface of 
the head to the outer condyle, is 174 rom.; while the diameters ~t 
the middle of the shaft are . resl'ectively 28 mm. and 19 mm.; 
thus showing variation from the Kansas specimen. The radius 
and the ulna (PI. XXIII, fig. 5) are closely bound together and 
appear in adult life to be coossified. They are in this condition ' 
in the Kansas specimen at New York; but, in the younger ones 
at Yiafe (PI. XXIV, fig. 1), the union was not yet effected. The 
total length of the raqius in the Kansas specimen is 172 rom.; 
in one at Yale, the length is only 158 rom. Figure 5, plate 
XXIII, shows a mature left ulno-:radius at Yale, seen from in 
front. The ulna js a rather strongly bent bone as may be seen 
from plate XXIV, figure 1. The length of the bone shown 0 1'.: 
plate X?CIII, is 193 rom. in a straight line; but in another speci-
men it measures 219 .mm: In the latter the olecranon process 
extends 63 mm. behind the cavity for 'articulation with the 
humerus. 
The wrist bones are the same that are found ' in the pig. III 
the figure of that of a left fore limb (PI. XXIV, fig. 2), these 
bones are seen little disturbed. 
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Th~ same figure shQWS well the metacarpals. The third and 
fQurth Qnly are functiQnal. In the dQmestic hQg there are fQur 
functiQnal metacarpals, a~though the secQnd and fifth are smaller 
than the third and fQurth: The second metacarpal in Platy-
gQnus is a splint abQut 40 mm. lQng (PI. XXIV, figs. 1, 3), while 
the fifth is a nodule Qf bQne abQut 11 mm. lQng. The third and 
fQurth metacarpals are each abQut 90 mm. lQng. In adult age 
they becQme SQlidly cOQssified. They are so. cO. ossified in the 
specimen frQm Kansas, but nQt yet so. in thQse fr'Qm CQlumbus, 
Ohio.. The metacarpals are fQllQwed by three pairs Qf phalanges, 
the last pair Qf which .were armed with hoofs. In figure 2 Qf 
plate XXIV the usual phalanges are missing; but, in figure 1 
Q,ne Qf these is present. The first phalanges are 40 mm. lQn'g; 
the secQnd, 30 mm.; t e unguals, 32 mm. 
The innominate bQnes are nQt cQmplete in any Qf the speci-
mens seen; but, frQm the variQus remains, their fQrm may be 
quite exactly determined. It appears that in the specimen shQwn 
in figure 84 the illum has been artificially restQred in frQnt and 
made abQut an inch tQQ lQng. From the specimen seen at Yale, 
it is determined that the length frQm the frQnt Qf the ilium to. the 
rear Qf the ischium measured clQse to. 225 mm. Figure 2, plate 
XXIII, presents a view Qf the hinder PQrtiQn Qf the left innQmi-
nate bQne, seen frQm the under side. The upper right bQrder 
of the bone fits on the piece of ilium seen on the right side of 
figure 1 Qf the same plate. The center Qf the ' acetabulum was 
nearly equidistant frQm the frQnt Qf the ilium and the re:u Qf 
the ischium. I,n the existing peccary this center is cQnsiderably 
nearer the rear Qf the ischium than to. the frQnt Qf the ilium; 
and this is still mQre the case 'with the pig. 
The femur is shQwn by figure 1 Qf plate XXV, taken frQm a 
bQne at Yale. It is a view Qf the inner face Qf the left femur Qf 
a mature specimen. It resembles clQsely that Qf a peccary and 
that qf a pig. It measures in tQhll length, 188 ,mm.; that Qf the 
specimen Qf :figure 82 measures 205 mm: 
The tibia Qf the left side is representeq. by figure 2 Qf plate 
XXV, which· shQws, the Quter face Qf the bQne. Near the upper 
end is a surfa<:,e ~Q whi~h was attached the upper end Qf the 
fibula, and at the lQwer end a rQllgh surface fQr the lQwer end 
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of the fibula. A tibia at Yale (not .the one figured) has a length 
of 182 mm.; a fore-and-aft diameter of 19.5 mm. at the middle of 
the bone, and a side-to-sic1e diameter of 25 mm. The tibia of 
the Kansas specimen is slightly larger. The fibula is a slender 
bone which was applied to the tibia as just mentioned. Its lower 
end reached below the end of the tibia and .articulated with a 
surface on the outer side and froIJt of· the heel bone. 
The hind foot is represented by figure 3 of plate XXV, but not 
all these bones belonged to the same individuaL ' The length of 
this foot, from the extremity of the heel bone to the extremity of 
the last pha~ange, measured close to 280 mID. The figure just 
cited gives a front view of the foot and no rear view is shqwn; 
but here as in the fore foot, the second and the :fifth metapodials 
are , reduced to m~re vestiges. The second and the third meta-
tarsals are closely united at their upper ends. 
Of this species we have only one record in Iowa and that gives 
no more exact-locality. In 1860 Dr. Leidy (Trans. Amer. Philos. 
Soc., VoL XI, p. 105, pL vi, figs. 2, '3) mentioned and illustrated 
the upper and lower cheek-teeth of a specimen of this species 
which he stated had been found in Iowa by Doctor Foster. The 
,remains included besides the teeth, the jaws which contained 
theD} and fragmentary bones of several individuals. These were 
~n the possession of Dr. Jeffries Wyman. It is not unlikely that 
these remains had been found in the lead region, but they are 
possibly the peccary remains whkh Whitney mentioned as hav-
ing been found at Burlington (Geol. Lead Region, p. 135). 
Leidy's figures of the teeth are shown here on plate XXI, fig-
ures 7, 8. 
Genus ~IYLOHYUS Cope. 
Peccaries wi,th narrow and elongated snout. Molars re-
sembling in structure' those of Tayassu; two, probably some-
times all three, premolars molariform; that is, provided each 
with two pairs of cones;' outer pair of incisors wanting, both 
above and below; space between the canines and premolars 
about as long as, or longer than, the tooth-row. Fore feet with 
sec,ond a:qd fifth digits present with all their elements, but ' 
greatly r'educed; hInder feet apparently lacking the second and 
fifth digits. 
15 
226 
The type of this genus is Mylohyus nasutus, ,3. species which 
was ' based on, 'a part of , the , upper jaw with ' one" incisor, one 
canine, and two premolars. This snout was' found in Gibson' 
county, !ndiaria, at' a depth of between 30 and-40 feet. To what 
' stage of the Pleistocene-it belonged 'is unknown. Cope descri'bed 
'as belonging to M. nasutus an upper canine from Port Kennedy 
cave, in eastern Pennsylvania, the contents of which seem to 
belong to very early Pleistocene, Mr. Barnum Brown' found ' 
many remains of more than one undetermined species of Mylo-
hyus in the Conard. fissure, in northwestern Arkansas. The 
present writer is inclined to regard these remains as dating from 
the Illinoian stage. On the ,other hand, Leidy found Mylohyus 
pennsylvanicms in a cave in Pennsylvania which contained most-
ly existing species, and belonging evidently to the post-Wiscon-' 
sin stage. It seems, therefore" that the genus existed during the 
whole of the Pleistocene. 
, So far as the writer is aware no remains of Mylohyus nasutus 
have been discovered,in Iowa; nevertheless, in order to illustrate 
the osteology of the genus, Leidy's figures of the type specimen 
are here reproduced (PI. XXVI, figs: 1, 2) ; also the figures of a 
lower jaw of an undetermined species of Mylohyus and those of 
the feet of one or two species of the same genus, all haVing been 
found by Mr. Barnum Brown in northwestern Arkansas. These 
feet were not found in such association with any jaw that they 
can be regarded as 'certainly belonging to MylohyiIs; although 
it is extremely probable that they do appertain to somd species 
of the genus. . 
'The writer has been permitted thro:ugh the kindness of Prof. 
W. C. Mills, of Columbus, Ohio, to examine the lower jaw of a 
young peccary which is believed to belong to this species ' and 
which was found in Columbiana county, Ohio '(PI. XXV, figs~ 
4-6). The jaw lacks the greater part' of the symphysis and the' 
whole of the ascending portion. It 'contains the three" milk 
molars, little worn, and -the first molar, yet enclosed'in the bone. 
These teeth are all inuch larger than the corresponding ones of a 
young Texas peccary; and they are, besides, more complicated 
in structure and have the enamel more strongly ' rugose. 'The 
milk molars have each three cross-crests, and these are each' 
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cOIJ?pqsed of two - CO~leS. There are in addition various acces-
sory tubercles . . The following are t.\;le m~~surements of th~se 
.teeth. _ The milk molars ~re desi,gnat~d by.the abbreviation Dm.-: 
_ ~ r~ ; ... i* ~ I*.i 
•• ' ! I '_::.:...' ! I 
MEASUI~EMENTS. 
Dm.2, length ________________________________________________ _______ 9 rom. 
width ___ .:. ____________________________________________________ 5 rom . 
.. I '.,.' r' 
Dm.a, ~f!tW _=======~====~=~===============~=~===~================== 1~ :: 
D~ .• , ~f!t~ _============_=========================================~ n·s:: . , 
M .• , ~n!t~ ~=============================~=:==.=========~==::====~== . t~·s=: ' 
In the front of the jaw is . the base of the socket for the canine. 
The rear of the symphysis is situated about 22 mm. in front of 
the anterior milk molar. The ' alveolar- border of' the jaw in 
front of the front milk-molar is thin, sharp and straight. At 
the front of the hinder milk molar the jaw is 22 'mm. deep. 
Those characters which especially distinguish Mylohyus from 
Tayassu, are th~' elongation of the upper and lower jaws in 
front of the premolars and the occurrence of two pairs of 
cones on at least th~ two hinder prep;1olars. · The fore foot (PI. 
XXVI, £g. 5) referred to Mylohyus resembles closely that of the 
existing peccaries (Tayassu); but, jUdging from the £gure, the 
hind foot (PI. XXVII, £g. 1) is very different. It gives no indi-
cation of the presence of the second digit, which in' Tayassu 
has a hoof, nor of the £fth, which in Tayassu is represented by 
a splint. • 
, To Mylohyus is referred provisionally the species next to · be 
described represented by a lower canine only. 
Mylohyus? temerarius, new . species. 
The only remains known at · present of this species is the 
'crown of ihe left lower canine. This was found in the Anderson 
gravel pit, ' at -North Riverside, near Sioux City, Iowa, and was 
. 'secured··for the Iowa University eoliection by Prof. ' B. Shimek. 
it bears the catalog number 176 .. Reproductions.of photographs ' 
of it are here presented (PI. XXI, £gs 1-2). The tooth appears 
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,to have been broken off where it emerged from the' jaw. The 
height of the' tooth is 61 mm.; the a~tero-posterior diameter at 
the base is ,21.5 rom.; the transverse diameter is 15 rom. The 
anteriol: "border is broadly rounded, presenting no such indica-
tions of a keel as is found in the other peccaries. The hinder 
border, as shown at the base, is broader and more flattened, 
with a median ascending channel, The inner face is broadly' 
'convex, with a median broad and shallow ascending groove. The 
outer face is more convex than the inner, and presents two shal-
low ascending grooves, which diVIde the face into three nearly 
equal parts . 
. ' The upper two-thirds of the hinder border of the crown i~ · 
worn flat through attrition against the upper canine. Also the 
outer face and fr9nt border are whetted off a distance of 20 rom. I . 
from the suromit . of the crown, probably from rubbing against 
exterior objects, shrubs, roots, and the like. 
Cope gave as the dimensions of an upper canine found in the 
Port Kennedy cave, taken at the base of the tooth, 11 mm. and 
'9 mm. respectively. The tooth here described has therefore 
diameters nearly . twice as great. 
Superfamily CAMELOIDEA. 
~he ,Camels, Llamas, and Their Extinct Allies. 
Even-toed ungulates with usually only two functional digits 
in each of the four feet; teeth sometimes in full number J viz.: 
. t c. t pm. t m. t , but the later forms with some upper incisors 
and the first premolar wanting; the true molars of the seleno-
dont type; that is, with the four primitive cusps converted into 
cresc~nts; t.he horns of which are . directed outward in the upper 
jaw, inward in the lower. Skull 'without horns. 
In the group just defined there are included not only the ex-
isting family of camels, but likewise a number of subfamilies or 
families which are now extinct. Dr. W. B. Scott has suggested 
that the oreodonts (Merycoidodon) and related genera known 
only from North America were p:rimitive members of the same 
group. Inasmuch as none of thes8 early genera are known from 
the Pleistocene' or are likely to be found in it, we need not con-
sider them further. ' Only the Camelidre concern us. ' 
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Family Camelidae. 
The Camels and Llamas. 
The definition' of this family will differ but little from that of 
the superfamily as above given. Those genera ~hat are excluded 
would be such as the oreodonts and agriocheres, about whose' 
relations to the camels there are as yet differences of opinion. 
, In the Camelidre the skull (Pl. XXVII, fig. 2) ' is short or ' 
rather elongated; the rear is broad, the muzzle contracted; the 
outer upper incisor is present in probably all the geIl;era; like-
~ wise, in some genera, the first and second incisors. The canine 
is usually removed some distance from the incisors and from 
the premolars. The cervical vertebrre are peculiar in that the 
vertebrarterial canal pierces the anterior part of the pedicle of 
the neural . arch, instead of the base of the transverse process'. 
The ulna and radius are more or less completely consolidated. 
The elements of the carpus and tarsus are, for the most part, 
free from one another. In the more primitive genera there may 
be four digits; but i:o. most the third and the fourth di~its , are 
alone repr~sented; and in these digits' the metacarpals and meta-
tarsals are more or less closely united in the upper half or 
more. In all cases, however, the lower ends are separated for 
some distance. The articular ends of the phalanges are without 
guide-ridges and the corresponding grooves, ,such as are found 
in most ruminants. 
The Camelidre are represented today by two species of camels, 
the $ingle-humped Arabian camel Of Asia and Africa, and the 
two-humped Bactrian camel of Asia, and by the llamas, alpacas', 
etc., of the And.ean region of South America. 
N,orth America seems to have been the continent in which the 
camels took their origin, being 'here traced back into the Wddle 
Eocene: From this continent, they probably crossed by some 
land bridge into Asia; and having spread over that continent 
they passed thence into northern Africa. 'From North America 
members of thE' family, made their way into South' Anlerica, 
arriving there apparently about the beginning of the Pliocene. 
None of the family, so far as is known,ever reached Europe. 
In South America, in Asia and Africa, they have maintained 
• 
• 
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their existence up to the present time. In North America the 
race seems to have become extinct in .the early Pleistocene. 
Several species have been described from the Equus beds of the 
region west of Mississippi river, but too often these species 
have been based .on imperfect materials. • 
In the Smithsonian Miscellaneous Oollections, VoL LX, 1913, 
p. 1, Mr. J. W. Gidley reported a phalange of a camel which 
·was· found during the summer of 1912 on Old Crow river, near 
the Ylukon-Alaska boundary, and thus north of the Arctic Oircle. 
Along .• tl!.~ ,same- ~iv~r - have been found remains of the hairy 
mam~~th, an, exti~ct horse, and remains of an extinct bison . 
Subfamily CAMELINAE. 
Oamels with the dentition more or less reduced, the formula 
bei~g i.t, c. t . pm. ~=~ . m. ! . Ulna. and radius . consolidated; the 
fibula represented by only a small bone entering into the tarsus; 
the two metacarpals of each foot united to near the distal end;' . 
metatarsals similarly united. 
Genus CAMELOPS Leidy. 
Large camels having the tooth formula as in the llamas 
(Auchenia), viz.: i. t. c.t. pm. 1:'2. m. ! ; m'2 and m'B with anterior 
outer style absent or feebly developed; m.B with or without a , 
talon; upper molars with antero-posterior diameter much great-
er than the transverse. Skull relatively more elongated than in 
the llamas. Na.sals not expanded posteriorly. , 
The writer follows here J. L. Wortman (Bull. Amer. Mus. 
Nat. Hist., Vol. X, p. 129) in regarding Leidy's genus Mega-
lomeryx and Oope's genus Holomeniscus as being probably the 
same as Oamelops, proposed by Leidy in 1854. Oragin (Amer. 
Geologist, .Vol. IX, p. 257) showed that the · tooth formula of a 
P teistocene' camel skull, found' by Prof. R. O. 'Hills, 'in Huerfano 
county, Oolorado, and. belonging to the same genus as Leidy's 
Auohenia californica and A. hesterna, and Oope's Holomeniscus 
vitakerianus, and H. macrocephal~s, possessed the, same tooth-
fo:r:mula as do the llamas. He therefore described the specimen 
as .Auchenia huerfanensis. W. or~man, however, 'put all the spe-
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cies just mentioned into one genus and retained for this Leidy's 
name Camelops. He distinguished this from Auchimia on , the 
ground that in the last a:hd the next to the iast. lower molars of 
Auchenia there is a very prominent buttress, amounting almost · 
to a lamina, developed at the outer anterior angle of the tooth. 
This, in the extinct camels mentioned ahove, is wanting or very 
inconspicuous. It is evident also that the upper third premolar 
was a tooth far less reduced than that in the llamaS'. , 'h~ the 
latter the grinding faces of the upper molars are nearly square; 
in the species of Camelops, they are much elongate,d ante-ro-
posteriorly. This is an indication that in Camelops the skull 
was much more elongated tha'n it is in the llamas. Complete 
skulls, belonging to the species Oamelops hesternus, which have 
lately been found in California and described by Dr. John C. 
Merriam, co:rffirm the conclusion that the skulls of Camelops 
were relatively 10ngeI' than those of llamas. In the llamas 
the nasal bones are much expanded at the hinder ends; in q~m-
elops, they are not expanded. # 
- Considering these differences it seems best for the present to 
-retai.ri these extinct camels in a genus distin~t from Auehenia; 
,and at present it seems very probable that the type species of 
that genus is Oamelops kans(JJY/,us, the first true camel that was 
described from North America. It was based on meager ma-
terials, but it seems possible to connect it generically, at least, 
With recently discovered remains. 
Oamelops kansanus Leidy. 
Certain camel remains which have ' been dis'covered in the 
Aftonian deposits of Iowa, are here referred provisionally to 
Oamelops kansanus. r.1;he principal reason for regarding them 
as b'elonging to . the species just .named, rather than to. O."huer-
fanensis, is that the former was- found in Kansas, the latterJ~ ' 
Huerfano county, Colorado, a locality considerably more dis-
tant. The remains found in Iowa do not, in fact, enable , us to 
say positiye!y to what species they belonged. . 
Oamelops kansanus was described ·by Leidy in 1854 (Proc. 
Acad. Nat. Sci., Phila., p. 172). It was based on a fragment of 
the snout and consisted of the front end of tli~ left premaxilla, 
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,containing the root and 'base of the crown of the third incisor, to-
gether with an attached piece of the marilla, which presented a 
part of the soc~et for the canine. These parts were further de-
scribed in 1856 ·(Jour. Acad. Nat. Sci., Phila., Vol. ITI, p. 166, 
pI. xvii, figs. 8-10). One of these figures is here reproduced (Pl. 
XXVII, fig. 3). In 1873 Leidy. (Cont. Ext. Fauna, West Terrs.; 
p. 225, pI. xxxvii, figs. 1-3) described and figured, under the name 
, of Auchenia hesterna, some lower teeth which had been found in 
California. One of these figu~es is here reproduced on a smaller 
scal~ (PI. XXVII, fig. 4). In 1883 (4th Ann. Rep. Geol. Surv. 
Texas, pI. xxi, figs. 3, 4) Cope described and figUred a part of a 
lower jaw which presented the incisors, premolars and molars, 
and these he called H,olomeniscus hesternus, believing that it 'was 
the same camel as that describ,ed by Leidy from California. 
Cope's figures are here sho,wn, one-fourth of the natural size of 
the bones (PI. XXVIII, figs. 4, 5). In the same pUblication COPB 
described another species which he called H olom,eniscus sulcatus. 
His figures are here shown, reduced to one-fourth the natural 
.size of the objects, on plate XXVITI, figures 2, 3. In 1892 Cra-
gin, as cited, described his Auchenia huerfanensis, without 'illus-
tratiOJ ). In 1898 Wortman, as cited, united under Leidy's 
earliest name, Gamelops kansanus, the Kansan species just 
named, Leidy's Megalomeryx niobrarensis (based on teeth 
found' in Nebraska), Leidy's A'l.tchenia hesterna, Cope's Holo-
meniscus hesternus' and H. sulcatus, and Cragin's Auchenia 
huerfanensis. It appears, how-evcr" that recent discoveries do 
not wholly jus~ify ' this procedure. 
Dr. JohI! C. Merriam has rece~tly discovered, in certain as-
phalt deposits near Los ' Angeles, California, a few complete 
skulls and nearly all parts of the skeleton of a camel which he 
regards as being identical with that called by Leidy A uche.nia 
. hesterna. To the present Friter, as to Merriam, the species 
seems to be clearly distinct from Gamelops kansan-us, although 
it probab ly belonged to the genus Camelops. Inasmuch as Mer-
riam's figures give a clear' idea of the form and structure of the 
skull of the «amels of this genus, they are here reproduced 
(Figs. 85-88). These skulls belonged to ~arge camels, that rep- . 
resented by figures 86-88 having u leng1h of 573 mm. from tbe, 
, . 
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front of the snout to the rear of the occipital condyles. A skull 
of the Bactrian camel in the U. S. National Museum has a length 
of 485 mm. It is estimated that the length of the skull of the 
, camel described by Cragin was 625 mm. The width of the skull 
of the California speGimen, taken at the rear of the ' or'bits, is 
equal to 251 mm. This width, in the case of the Bactrian camel, 
is 245 mm. Calculations show that the width in: the case of the 
fossil forms forty-four per cent of the length, while in both the 
Bactrian camel and the llama the width forms :fifty per cent of 
the length. 
Fig, 85, Cwmelops hesternus' X 1/ 6. From Merriam. Side view of skull and lower jaw. 
A comparison of the illustration showing a side view ~f the 
skull of the California specimen (Fig. 85) with Leidy's ':figure of ' 
Camelops, indicates that in the latter the alveolar border of the 
jaw in front of the socket for the , canine was much more sig-
moid than 'iIi Merriam's specimen. Likewise in Leidy's speci-
, men , (PI'. ' XXVII; 'fig. 3)' the premaxilla coniinued ' to wideii'as ' 
far back 'as it 'was ' preserved; while in the California skull,: as ' 
figured;, the premaxilla-begins td llarrow at' the suture 'with :the 
maxili'a. " The' skulls described 'by ' Merriam: show that the orbits 
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were not as .large relatively as in the llama, and that they were 
placed farther backward; the nasal bones were not expanded at 
the hinder ends; the facial vacuity did not come into ,contact, or 
hardly . S,Q, ,with ,' the lachrymal bone; and there was a deep de-
preision on the upper border of the maxilla. -
The writer ,has studied the type of Cragin's Huerfano camel, 
now in the U. B. National Museum. Fortunately, with the re~ 
Fig. 86', 
Figs. 86~88 . Oqme.Zop8 , he~tern1is. 
Fig. 88 . Fig. 87 
Views of skull and lower jaw. X 1/16. From 
.T. C. Merriam. 
8,6. " Sk'l/<ll . y!~wed , from , aQQ>:e. 
87. 'Skull' viewed from below. 
88. FFont of ·upper jaw viewed from aqqve. 
mains there is' pre'sent the left premaxilla, which .permits com-
parison with .Leidy's type of. Oamelo,ps ka,nsanus~ , However, 
the part in front of the exit of the third incisor is missing. The 
canine came out much ' closer 'behind · t·he incisor, than it did in 
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CameZops kansanus. , It appears, therefore, that Ctagfn:"s camel ' 
did not belong to Camelops kansan'UJs. Whether o'~ not it is the 
same as Leidy's Megalomeryx niobrarensiS' must' be left, for \de-
cision to future discoverIes. 
Inasmuch as the type specimen of Camelops huerfooensis pre-
sMts some important parts of the skull, these will 'be' ~d~s'ctibed 
with some care and figures will be presented. Cons~derable 
parts Qf :the brain-case are present, but they are'Qadly broken 
up. The rear of the skull is partly preserved, showing a part 
of the sagit,tal crest and the lamddoidal crest. Figure 1 of plate 
~ XXIX ' shows this part as seen from behind. Most of the' right 
sIde of it is missing. On each side of the median ridge i~ seen 
a' deep'pit for the insertion of a muscle. Farther out is..a:. larger 
pit, in the bottom of which is an opening into the cavIties of the 
bone. ~he piece does not extend down quite to the foramen 
magnum. A fragment of the maxilla shows that there was, pres-
ent, as in C. hesternus, a deep. depression above the infraorpital 
foramen. The left premaxilla is represented on plate XXIX ', 
by figures . 2-4. Figure 2 shows the bone from the outside; figure 
3 from the inside; while figure 4 pr~sents a view of the edge 
which was ill contact with the maxilla. The size of the third 
incisor 'm~y be judged from that of'its socket. This has a 'depth 
of more than 40 mm. and a fore-and-aft diameter of 20 rqrn. 
On the lower edge of the bone (PI. XXIX, fig. 4c), is seen the 
• • • • " I I " 't(f( 
smooth ~urface whic~ formed a part of the front wall of }}i~, ~, 
socket of the canine. This must have been a tooth of consider- ' 
. . . , f ) ." J. 
able size a~d it~ fro~t border could, have been' hardly more than ,t', 
23 rhm. from the -inCIsor. ' " 
, '<.;" Piate ,XXx, 'fi~re 1, giv~s, a view ,of most of the pala.te of this ,;,0 
ca~eI. The fourth premolar and 'the three molars ar~ ·pres~~ed , 
on the right side; while ' on the l~ft there ren:i~in only 'the, i':~ots ' 
of the third and fourth premolars .and of the ,.:first .and second 
mol~rs. ',The folloWing are the measure:rrie~ts ' of 'theSE;). teeth., 
The height is , th,e elevation of 'the crowI~: above ' the r.~ots;' 'the , 
lenitii ,is tak'enalo~ ' the ,IDIddie' oftlie gr,ind~rig face .;,th : Width . ' 
is t3.ken near 'th~ base of the' tooth" a{ th~,: ~~es,t part. ' ; Lt 'is, to .. _ 
.. -•• ' . 'f' . • • 'r ~ .. -~ . . , . ... . .. • ... 4 • • 
be 4~ted t~3:h , usu~lly~ ~s the. t,e~~~;b~<?o,Il?-e, wOI1I d'oWti)l~a~~r; t9 '. 
the base, the length of the' 'grinding face decreases. ' Ho~_~Y:er) .'., 
• J.~. 
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the grinding face of the last molar would increase in length 
until ' at about ,one-third of its present height it would have 
readied a length of 55 mm. 
MEASUREMENTS OF TEETH. 
Length , of the 'premolar-molar series, pm. a_ m. a, inclusive_________ 175 nun. , Length 6~ the molar series ________________________________________ 130 IilIn. 
Pm:', height _______________________________________________________ 37 nun.' 
length _______________________________________________________ 25 rom. 
width ________________________________________________________ ~5 rom. 
M.', height _____ __ _________________________________ -'______________ 33 mm. length _______________________________________________________ 38 rom. 
width ________________________________________________________ 29 rom. 
M. 2, , height __________________________________ .:. ____________________ 57 mm. 
length ________________________________ ~______________________ 48 , rom. 
wi,dth ________________________________________________________ 30 rom. 
M.", height _~ __ ~ _______ ~ _______ '_ __________________________________ 62 mm. length _______________________________________________________ 46 rom. 
width ________________________________________________________ 28 rom. 
The thir'd prem'Olar had two , roots, an anterior and a pos-
terior. At ,its base the crown waF' at least 19 mm. long and 10 
mni. wide. 
As will be seen from the figure of these upper teeth, all the 
true molars have prominent anterior and median 'outer styles. 
The free edges of these are directed more strongly forward than 
in the teeth of some llama skulls at hand. The hinder molar has 
a well 'developed talo~, or third. lobe. At the base of the tooth 
this talon is 13 mID. wide and projects backward from the second 
10be a distance 6f nearly 10 mm. It becomes ¢uch reduced as 
it approaches the summit of the tooth. A broad valley asc~nds 
between, the second and third lobes on the inner face of the tooth. 
No such talon i~ seen in the last. molar of. the llamas. It seems 
probable that i,t ,is not always present in the fossil species here 
described. ,' . , '. , 
, In the skull from the Huerfano basin the anterior palatine 
foramina open out opposite the first molar of each side; while 
in Oamelops hesternus they are placed opposite the fourth pre-
molar. With the material 'in hand it is impossible to deter-
mine how far the third premolar was removed from the, front of 
the premaxilla. In Oamelops hesternus this distance is about 
200 mm . . .: .,' 
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The greater· part of the symphysis of the lower jaw is missing 
in the Huerfano camel. Some materials from Minidoka, Idaho, 
now in the National Museum; present two 'symphyses, together 
with the incisors and the canines. From the difference in the' 
'sizes of the c.anines of the two spe.:imens present, it is supposed . 
that. O,ne (No. 5315, U. S. Nat. Mus.) belonged 'to a female, the 
other (No. 2579) to a male. The former is used for illustra-
tion (PI. XXX, fig. 2). In this jaw the width at the base of the 
third incisors is 58 mm.; at the symphysis, 50 mm.; the length. 
of the symphysis taken on the upper side, 102 mm. The incisors 
,.F are not greatly worn, those of the outer pair being only slightly 
abraded. All these incisors have the usual elongated spatulate 
form.. It is observed that those of the first and the second pairs 
are less strongly curved than in the llama. The outer one has ' 
a length, from root. to tip, of 60 mm.The others are apparently 
still longer. 'The following are thf' diameters of. these teeth, the 
width being taken where greatest; that is, toward the free end; 
the 'thickness about the middle of the length, where greatest. . 
. r." width______ 17' rom. thickness ____ i2 rom. 
1.2, width_~____ 19 rom. thickness ____ 10 nim. 
I.., wi9.th______ 14 rom. thickness ____ 8.5nim . 
. The incisor teeth of the other specimen, the supposed male, 
are still, thicker than those measured above. . Figures 4 and 3 of 
plate XXX show, of the natural size, .the second and third in-
cisors of the right side of a camel found near Greeley, Colorado 
(No. 870, U. S. National Museum). It is not certain to what 
specIes it belonged . 
. TJ:!e canine , of No. 5315 (Pl. ' XXX, fig. 2) is a small tooth 
which is piaced about 15 mm. behind the outer incisor. Its 
total length, from apex to' root, is 35 mm. The greater diameter 
of the crown is 8 mm.; the thickness, 6 mm.. It is s~ooth and 
convex on the . outer face; on the inner face there is a groove 
parallel with the front . border ~ and' another parallel With· the ' 
hinder edge; and these cause' the front and hinder edges of the 
to'oth .. to' be very thin' and sharp, like the .blade · of a hollow.:. 
ground razor .. The .. canine of No. 2579 is a'much more powerful 
tooth, 'l the ;antero-posterior diameter at the base -being 17 mm.; 
the transverse, 10 mm. 
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The left 'mandible or the 'specimen described 'by' Cragin -lacks, 
as already sald,-most of the' symphysis; there ' re'maihing' only 
about an inch of the hinder end of it. ' It is 'estimated that' the 
distance from the front of the jaw to the rear of the symphysis 
wai:? close to 125 mm. If this is correct,' the length of the jaw' 
in a straight line, ,from the' incisive' border to the 'rear of· the 
condyle was about 520 mm. Afthe hinder 'end of the sYmPhysis 
the depth of the jaw is 48 mm.; at the 'front of. the last premolar, 
58 mill. The left mandible shows that the depth 'at the front of 
the last molar, is 82 mm.; at the r0.ar of this tooth, 110 mm. At 
the fractured end of the right ' mandible there is 'seen' a little of 
the hinder border of the 'socket for the canine. ,This shows that 
this tooth emerged at a' distance' of about 90 mm. in front of 
. the fourth premolar., The left 'mandible shows only the hinder 
, ' 
root of this premolar; but this tooth, as w:ell as the first molar, 
is complete on' the right side. By using both sides we may ob-
tain the measurements of these teeth. 
MEA:SUREMENTS OF THE L9wER TEETH. 
Length of the premolar-molar series ______ ______ .:_________________ 168 rom. 
Length of the molar series ________________________________________ 141 rom. 
Pm .• , height _____________________________________________ __________ '32 mm. 
length _______________________________________________________ 27 mm. 
width __________________________________ ~_____________________ 15 rom. 
height ____________ ~ -----------M-.,.---------------------------- 335, mromm.' 
length -------------r-------~------~------------------~-------
width ___ ~----------------- ";-----------_:- ~--------~------";--__ 22 mlIl. 
M." height ___________________________ .,. _________________ .: __ '.: __ ,_:.__ 55 min. 
' ~f!t~ ._============,===~===================~========:===~===== ~::: . . . M .• , height __ ~_:, __ ~ __ ,_:, ____ :, ____ ~:_ :,, _ :~ ___________ :, ___ ~ _____ :, ____ _ 
, ': ~flt~ _=~=-=================='===.======~========~=~==~=~======== " ~~, =: , . '-,
,It 'ma;y ,be Jloted here ' that , the rightmandi-ble Of the .. speci-
men ~ iIi the U. -8; National, Museum, No. 5315, from Minidoka; 
. Idaho, ,has pres~nt a small pm'3 (PI. XXX, fig. ·5). ·OnJy the 
base of the , crown is seen. ,This is' abo'llt 7 ·mm. in di'ameter 
ap,q :.nearly circular in -section, , In ·the front of the J;lext 'tooth 
, there ~s a g-r,QPv:e which s~'erns ,to r have-lodged the crown of' tliis , 
slender tooth. ' .,,' " r " ':~ " T' '' '' ' ,,, ' \ , 
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: Some of the ways in ;which these teeth' differ' from those. of. the 
llamas (.Auchenia) have already been mentioned. The grind,-
ing face. of the fourth premolar forms nearly an isoceles tri-
angle, . instead Qf being trilobate. On .the outer anterior angle 
cf the last two molars of .Auchenia is' a strongly developed 
style, which is wanting i;n Camelops. In .Auchenia the outer 
va)ley between the two lobes is much deeper, than. in Camelops . 
. .At hand is LeIdy's type of his Megalo':meryx niobrarensis, ·a·· 
m~ch worn ~'2' of the left side. It seems to present no differ-
ences when compared with Cragin's ·, specimen. Wit:I;!. '·it is the 
other- tooth .which Leidy described and figured, a very little 
wo~n m.2' , . of the left side. It seems to be identicaf with the 
Cragin specimen; but, if we had the whole skull, diffe:rences 
~ght be found . 
. It is further to be said that the teeth pm'4, and m.s, .'found 
in Iowa and shown by figure 5, plate XXVII; figure 1" plate . 
XXVIII; and figure 7, plate ~UIV, present no differences that . 
(Jan be regarded ' as specific when compared with the specimen 
above described from ih€l Huerfano basin . .At present thereap-
pears to be no reason for supposing'that the Idaho specimen does 
n'ot belong to the same species as that from the Huerfano ba·s~n. 
Th~ individuals represented were, however, !both some~hat 
smalle~ than the one just mentioned. Two lower right fourth pre-
molars are present, one in the jl;l.W 6f No. 5315 (PI. XXX, fig. 5). 
These are slightly smaller than the corresponding tooth of the 
Huerfano specimen, and' one of them has the anterior portion 
turned somewhat inward. The first molar has the grinding face 
short, but this is because it is worn down to near' the roots. , Two 
lower . right last molars present differ from the same tooth ' of 
the Huerfano specimen in being glightly shorter, fore and aft, 
and in ,being somewhat ,thinner than this shortness might indi-' 
. cate. One of ·tbem, pr.oba,bly' belonging to No. 2579, is intel'.est-
i.ng in that the inner valley 'between the first and the second lobes · 
is, -in.the 'upp~r half of the. tooth, very shallow. It was especially" 
on the 'pr.esence of this inne.r valley that Cope based his:H:olo- . 
meniscus sulcatus. i.... ,'. .~ 
, .. With I the' . remains .. oL the : camel . ..described by , Cragin.·,tliere r is 
Jhe,distal:end;,of. one f~ont cannon7bo~e, acco1p.pallied' by one': of, 
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the two proximal phalanges. The' whole length of th~ fragmen~ 
of the cannon-hone is only 120 mm. The distance across the 
distal end of the, bone, is 91 mID.; across each articulation, '40 
mm.; the antero-posterior diameter of -each articulation, -43. 
mm. , The extreme length of the phalange is 116 mm.; the width 
across the upper articulation, 42 mm.; across the lower, 33 mm. 
, Wortman, in the place cited, gave the following measure-
merits of some of ,the bones of the skeleton of the remains iden-
tified as Camelops kansanus and the measurements of the cor-
I'esponding bone~ of the o~e-humped camel:. ' 
MEASUREMEN:rS OF BONES OF CAMELO~S AND CAMELUS. 
Camelops I Clmelus ' 
kansanus dro~edarius 
Length of a ' posterior cannon-bone____________ 345 rum. 325 rum. 
Length of a second posterior cannon-bone____ 360 rum. 
Length of a third posterior cannon-bone______ 365 rum. 
Length of an anterior cannon-bone____________ 330 rum. 325 rum . 
Length of a second anterior cannon-bone_____ 370 rum. 
Length of ulna and radius_____________________ 555 rum. 580 rum. 
Length of humerus ___________________________ 375 rum." 420 rum. 
Length of scapula ____________________________ 415 ..m:m. 460 mm. 
Length of phalanges, proximal row, varying 
. from _________________ '_____________________ 98 to 124mm. 102 rum. 
These figures appear to indicate that the can~on-bones of the 
limbs of the supposed specimen::! of C. kansanu,s were relatively 
longer than in the dromeda~y. At the same tim'e one might 
conclude that the ulna, radius, b1,lmerus, 'and scapula ' of the 
extinct species were considerably shorte'r. ; - - -
Various remains of one or more camels have been found in the 
'Aftonian depos'ts of west€!rn Iowa, ancl..most of the specimens 
have been reported and some of them figured by Profes,Sor 
Calvin. 
. In his first paper on Aftonian mammals , (BulL 'Geol. Soc. 
Amer., VoL XX, p. 350, pIs: xxi, fig. 1, xxii, fig: 2.) Calvin men-. 
tioned and figured a pp'alang~ of the proximal row which ' had 
been' ·found in the Peyton gravel pit, nea'!' Pisgah, :i,n: ,Harriso,Il' 
county. This bone belonged prob~~bly to the.fore leg. Its meas-
urements are given in the 'table below. ' 
In his second' paper on' Aftonian mamlnals (Bull. Heal. Soc. 
Amer., yoL XXII, 'p. 212;1 pL :x::ix~ fig. 8)!.iGalvin deS'erihe<Lan:':' 
\ . 
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other ' proximal phalange whicH presents different proportions .. 
This specimen was found in Aftonian gravels at'Renton Station, 
. near Council Bluffs. Its measurements are given in the follow-
ing table. Its catalog number is 304. Calvin's figure is repro-
duced one-half of the natural size (PI. XXXI, fig. 1) . . Alongside 
of it (Fig. 3) is shown the anterior first phalange .of the type of 
Camelops huerfanensis Cragin. It will at once be seen that.'the 
two bones must have belonged to very d~fferent speci'es. 
MEASUREMENTS OF PROXIMAL PHALANGES. 
~ Camelops Camelus 
Pisgah j He~t~n Hindfoot!Fore f~~ 
Total length of the bone ___ .: _____________ 128mm. 123mm. 90mm. 101mm. 
Side-to-side diameter at upper end ______ . 39mm. 52mm . 35mm. 41m:fu. 
Fore-and-aft diameter at' upper end ______ 37mm. 40mm. 27mm. 34mm. 
Side to side diameter at middle __________ 21mm. 31mm. 19mm. 22mm. 
Fore-and-aft diameter at middle __________ 26mm. 25mm. 18mm. 20mm. 
Side-to-side diameter at lower end ______ 32mm: 38m.m. 30mm. 34mm. 
Fore-and-aft diameter at lower end ______ 26mm. 28mm. 21mm. 22nu:n. 
There can be no doubt that we have here the phalanges of 
two distinct species, hr~t at present it is impossible to say which, 
if eitl;ter, of these two phalanges belonged toCamelops kansanus. 
The · measurements of the bone found at Pisgah agree more 
closely . with those of ·the phalange of' Cany,elops huerfanensis 
than dQ those of No. 304; t.he bone was nevertheless a slenderer 
bone than either of the others. The bones described have been 
rolled and worn, so that their. prominent edges and ridges have 
been removed·; but this in no way affects the length and the 
diameters at the middle of the length. . 
On the plate on which the phalange No. 304 was figured Pro~ 
fessor Calvin illustrate9. a phalange of the second row (CalVin, 
op. ·.c~t., pI. xix, fig. 9) which had been found at Turin, Monona 
county . . It is .. here shown on plate XXXI, figure. 2 .. It may 
well be. supposed to have belonged to the same species as 
t4E;l .. :q.rst. phaJange figure4 just . above . it. Its total length 
:l.., is 6~ .. mm.; "the . width across the middle . 28 min .. ; ' the . 
';i- tore-;:md,-.aft diameter., 22 mm . . It may be . ;remarked here 
:. ~g.a~n . that t4e phalanges of the cam~lsl may be · distin~sh.ed; 
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from thQse of ' other even-toed ungulates by the fact ,that 
the articular ,ends are not provided with ridges and grooves di-
rected from front to rear and which ,fit into corresponding 
grooves and ridges of the , adjoining bones. In his fi:rst ,paper 
just referred to Calvin iigured a large astragalus ,( Calvin, op. 
cit., pI. xxii, fig. 1) as that of some large ruminant. This had 
been found in the Cox pit, at Missouri Valley. , It seems almost 
certain that the boneis that of a camel. The length is 98 rom., 
the thickness across the middle of the outer face is 49 mm. The 
corresponding measurements taken from ' an astragalus of a 
dTomedary are respectively 78 mm. and 35 rom. We can refer 
the bone only provisionally to Camelops lca,nsa,nus. 
In his first paper, page 351, Calvin mentioned two heel-bones. 
~hese have been ,examined by the writer and measurements 
taken. These were found at Missouri Valley and have the 
n,umbbr '(37,. 
MEASUREMENTS OF HEEL-BONES, 
I Smaller I 'Larger 
Total length __ ~ ________________________________________ _ 
Extent of bone behind articulation with astragalus __ _ 
Height of bone at hinder end of articulation with astragalus _________________________________________ _ 
Thickness of bone at hinder end of articulation with 
- astragalus ________ :._'-_____________________________ _ 
Height of hinder process of bone at its middle _______ ..: __ 
Thickness of hinder process of bone at its middle _____ _ 
Greatest diameter of articulation with the navicular __ 
Width of articulation with navicular, above ___________ _ 
Length of artic~ation wit~ fibula, in straight line ___ _ 
171 rom. 178 mm. 
107 mm. 115 mm. 
59 mm. 
52 mm, 
51 mm. 
29 mm. 
22 ~. 
80 mm. 
59 :mill. 
61 nim. 
30 mm. 
52 mm. ' 
, 30 mm. , 
23 mm. 
, 
The considerable differences found here in s'ome' of themeas-
urements appear to indicate that two species are involved. The 
larger of these hones 'is here figured (Pl. XXVIII, 'fig. 6). ' 
, 'In, the collection at the University of 'Iowa is t4e 'distal 'ei;ld 
of the left hu~~rus (No. 305) of a ll:!-rge ~IDiri.ant whiCh' was 
found' in Aftbnian deposits at Henton Stati6h, ' near CoUIicil 
Bluffs, and therefore at the same' pla:ie as ' tiie -' pha:la~~~ -Just 
-mentioned. 'After 'a careful compariso'n' 'of' the bone- with t4e 
correspon,ding one of a ' number' of lat'ge llhi'm'a:ls the conclusion, 
h;'-reached 'that itbelo:b.g'ed -to a 'large' camei:-' " The 'bohe has ,p~en 
, ' 
. , 
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rolfed , and worn so that" some prdminent border's are gone. The 
width ' of the' articulatory surface for ' the · ulno-radius had" 8 
·width · of about 112 mm . . The .. fragme~~', itlcllid'es a length of i10 
mID • 
. . In: ' dalvin's second conlmuci.cation referred to above' he men~ , 
tioned and 'figured (p. ' 212, ' pI. . xix,' fig. 10) ' a large' premolar' 
which had been fdund in the Whitman pit,"near Rockport, ~.t~!ri- . 
son county, Missouri. This figure is here reproduced (PI. 
XUI, fig. 4). The tooth, an upper right fourth premolar, has 
'suffered post-mortem abrasion 'in a way to injure the root and , 
~ the oase of the crown; th~ remainder is in good condition. The' 
crown is about 40 mm. high, 22~5 min. fore-and-aft, and 26 mm. 
wide at the, base. The outer face has a rather pr9minent pillar 
behind. In fr9I;lt' of this is a channel which disappears ' as the 
base is approached . . The middle of the. outer fac~ is occupied 
by a proad low ridge. N ear the front of the face is ' a pillar dis~ 
nppearing below, and in front of this a groove which looks for-
ward; while still in front of this, there was evidently a strong 
pillar or style, but which has been split off. Whether or not this 
tooth belonged to Camelops kansanus iris impossible at present 
to s'ay, inasmuch as the upper teeth of this species ' are unknown. 
In case the tooth does belong there, it is probable from its size 
and fo!m that there were two upper premolars present. The 
tooth is quite different from the fourth premolar of C. huer-
fanensis and from that .of the living species of Camelus. 
From Professor Kay the writer has receive.d for examina-
tion two .lower teeth of · one or two kinds of camels. One of 
'these CPI. . .xXVlII, fig. 1) has the catalog m:imber 230 and was 
fomid 'at T~rin, :M:o~ona ~o~nty. 'It is the fourth prem~lar and 
belongs to the right side of ·th-e lower .jaw; and there is nothing 
in its structure or size which enables it to be distinguished from 
the sa:~e tooth or 'c. ·hue~fariensis. The ~ro~n is pretty well 
worn ·dewn, .. the ·height being about 25 mm. The.1ength of .. the 
.tooth· is 2!) mm,; · width,· 16 mm .. , at the hinder end. Anteriorly 
the ,i0Gth is.' very narrow,· so. that the worn .face .is triangular. 
The· par.ts or ·the' inner and. oute'l'faces ,·remain ne,arly flat. .. , 
·The other tooth (:Pla1e·XXVII, ·ug. 5;,pI. -LUrv, :6g. 7)',lias 
the 'number --1.83 · ahd-was ' found ' at : Miss.ou~i · \T.alley, .. ir: thE:H!JQX 
e . 
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gravel pit. It is the hindermost molar of the left side. The 
. roots· have been broken off, as well as the hind~r lobe, or talon. 
The height of the crown is 35 rom. ; the length of the two lobes 
present, is 44 mm.; the thickness of the anterior lobe is 22 mm. ; 
of the second one, 20 mm. The heel would have added possibly 
!O mm. to the length. On the anterior inner angle there is a · 
style of moderate size. There is, too, a broad chann~l running 
,up the tooth between the two lobeB. ' , 
In the collection at the, University of Iowa there is what ap-
pears' to be the upper end of a cannon-bone of a camel. This has 
. the number 241 ' and was ' found in the Elliott pit, at Turin, 
Iowa. The articular end, somewhat eroded, is divided into two 
nearly equal articular surfaces. The transverse diameter of 
the upper end of the bone is 68 mm.; the fore-and-aft diameter, 
47, mm. These measurements are almost exactly those of the 
upper end of the anterior cannon-bone of a dromedaFY. 
In the same collection, with the catalog number 274, is the 
distal end of a cannon-bone of a eamel, which was found in the 
Cox pit, at Missouri Valley. About half of the bone is present. 
The width of the lower end is 73 mm. The cleft at the lower 
end extends upward about 60 rom. At a distance of 100 mm. 
a bove the lower end the ::;ide-to-side diameter is 45 mm.; the 
fore-and-aft, 30 mm~ These mel:'surements indicate a hinder 
cannon-bone, but one with a shaft much larger than that of the 
dromedary. It may be considered in . connection with the stout 
,:first phalange No. 304 (page 241) and' the l~rger and heavier 
heel-bone (page 242). 
Much additional materials must be collected before the };tistory 
of the camels of the Aftonian stage can be satisfactorily 'written. 
Superfamdly BOOIDEA. 
The Deer, Giraffes, Antelopes. Sh,eep, Musk-oxen; .Ox.en. 
Even-toed' ungulates with the third and fourth metapodials of 
each foot 'c~:msohdated into one m~ss, the cannon-bone. The lat-
eral digit& greatly reduced or wholly missing. Fibula appear:.. 
ing only as a small bone' at the lower end of the, tibia. Tooth 
formula, i. i , c. o~rt "pm:. i, .m ~·i. The lower canines elose' to and 
resembling incis'ors. . Cusps of the molars ' and' often of, the 
THE DEER FAMILY 
premolars wearing into crescenfs, whose extremities are di-
rected outward iIi the upper jaw, inward in the lower. H;abits 
herbivorous. 
The members of this superfamily occ~r in all lands from the 
tropics to the polar regions. In Australia, however, only do-
mestic species are found. In thi~ group are included some of 
the most useful and most beautiful of herbivorous animals. 
The earliest I'ecognized , members of this superfamily are ' 
found in the Lower Miocene. From that time they appear in , 
increasing numbers. 
Family Cervidae. ' 
The Deer. 
Second and fifth digits of all the feet usually present, but 
much reduced. Head sometimes without frontal appendages, 
but often furnished with antlers, which, with rare exceptions, 
are found, only'in the males and which are periodical~y shed 'and 
reproduced. . Teeth uS1;lally short-crowned and with large roots. 
Upper canines often' absent. 
( 
At the present day species of deer are found in North and 
South America, Europe, Asia, and Africa north of the Sahara. 
'In time they range from the lower Miocene to the present. 
From the Pleistocene of North America seven or eight extinct 
species are known, besides remains of several of the species yet 
living. The genera represented are Odocoileus, Cervus, Cer-
valces, Alces, and Rangifel'. These all belong to the following 
subfamily. 
Subfamily CERVINAE. 
Antlers with short pedicel; periodically shed; in all genera, 
except Rangifer, found only in the males. Upper canines. usu-
~tlly wanting or feebly developed. Cheek-teeth usually short- ' 
crowned, the enamel niore' or' less wrinkled. 
Genus ODOCOILEUS Rafinesque: 
Antlers in the males only; , with a short pedicel, the bases cis", 
ing nearly on the plane of the face, turning,outward then strongly 
forward; ,furnished with a sub-basal ,snag; , the tines .arising 
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frDm the hinder bDrder 'Df the main stem. ' NDbrDw·tine. · Meta-
'carpals two and ' five' having Dnly the ' distal end preserved. 
Lateral hDDfs develDped Dn alrthe feet. Canines usually absent. 
Gland ·pit 'Df face ·small. Hinder nares divided, intO' twO' pas-
sages by the VDmer . . 
The deer Df this genus inhabit the New W Drld.. ' The type Df 
the genus 'is the CDmmDn VirginiD, Dr white-tailed, deer, which 
DCCUrS alsO' in the PleistDcene.' There have been de'scribed fDur 
extinct species frDm the PleistDcene:' Odocoileus whitneyi, 
frDm the lead regiDn Df IDwa, nlinDis~ and' Wis'cDnsin; ' O. 
dolichopsis, frDm Indiana; O. ensif.er, frDm OregDn; and O. 
lcevicornis, frDm Pennsylvama. Mr. Barnum BrDwn fDund in 
nDrthwestern Arkansas remains Df deer which he referred with 
sOJ;ne dDUbt to' O. hemionus, the IP.ule-deer; while, in a cave in 
'nDrthern CaJ#Drnia, PrDf. W. J. Sinclair fDund O. columbianus. 
Odocoiieus vi'rginianus Zimmermann: 
This is the Virginia, Dr white-tailed, deer which, at the CDm-
ing Df white men to' this cDntinent, inhabited the cDuntry frDm 
the Atlantic Dcean to' the. RDCky mDuntains, and frDm sDuthern 
Canada to' the Gulf Df MexicO'. TO' ,this species SDme authDrs 
apply the specific . name americanus,. instead Df virgmianus. 
Ii has ' been repDrted as Dccurring in · PleistDcene depDsits 
frDm Pennsylvania, New YDrk, Wesl Virginia, Michigan, Iili-
nDis, Indiana, MissDuri, and elsewhere. 
Since ,the skeletDn Df recent' indiViduals Df this species may 
be prDcured and emplDyed in the study Df extinct species, some 
parts will be briefly described. 
The f~ce i~ rather lDng and narrow. ~he .antlers (Fig. 89) 
show' \ a ~ain stem which at 'first, proce~ds fr'om tli~ skull' up-
warq .. ; ovtward ~nd .. backwar9.. 'The ,stem tlJ;en turns outward 
- • • ~ , • • • I • ., \ •• - - •• 
strongly, ' then forward .and upward, ending in well-d~veloped 
males far in front of 'the orbits . . Besides the 'backwardly 'di-
rected sub-basal snag, . there Pl.ay: b~ , ..tp,ree. Dr fDur tines rising 
from the upper border of the stem. No antlers DCCur in the 
females'; ' arid th~ 'slmlls"of males' may be' found wiiho~t them, 
butdhese will : pre'sent- ' the ' pedicels: The · antlers' of young males 
·· are-·{smTaller' 'and have J fihver,· tines , than' thO"se;'of' 'adults. ' The .. 
• 
TEETH OF THE . VIRGINIA , DEER 247 
length of the skull of a grown individu'~IJ: from the .Q.ccipital 
c.ondyles· to the front of premaxin~,. wil~ measure about 285 
mm.; the breadth across the 
rear at the mastoid process, 
is about 100 mm. The length 
of the upper premolar-molar 
series, is 80 mm.; of the pre-
molar series, 36 mID.; of the 
molar series, 48 mID. The 
length of the lower pre-
~ molar-molar series is 85 
mm.; of the premolars, 38 
mID.; of the molars, 51 mm. 
T~ese measur~ments, and 
the foUowing ones of the in-
dividual teeth, are t~ken 
from a specimen in the U. Fig. 89. OdoooileU8 .virginianU8. Right ant-
ler seen from the' left side. The nose is toward the , S. National Museum, N 9. lett hand. Much reduced. From Baird. ." 
17452. The width is taken at the base 'of the crown of the to·oth. 
MEASUREMENTS 9F TEETH. 
Upper Teeth I Length of I Width of II Lower Teeth I Length of [ Wiath ~f . Crown Crown Crown I Crown 
Pm.' ________ 11 mm. 11 mm. Pm .• ________ 10 mm. 6 Dim. Pm.' ________ 11 mm, 13 mm. Pm .• ________ 12 mm. 7 mm. Pm.' ________ 11.5mm. 14 mm. Pm .• ________ 12 mm. 9 rm;n. 
M! 
--------
14 mm. 14 mm. M.1 
--------
14 mm. 10 mm. 
M! 
-------- 16 mm. 15.5mm. M .• -------- 16 mm. 11 mm. 
M.' 
-------- 16.5mm. 16 mm. M· .• -------- 22 mm. 11 mm. 
, -
In the tipper molars there is often a small- tubercle on the -
i~ner ·face between tlie two lobes, and a , similar one on the 
outer face of the lower molars between the two lobes. . 
In the upper jaw the distance from the front premolar to the . 
jront of the premaxillre, is about 95 mm. In the lower jaw. the " 
distance from the -front of the jaw·to the anterior molar, :is 85 
rom.· The height of . the .lower jaw . at t1;le first true molar, is 
22 II)1ll; ~ 1 '" 
Measurements are ·here .presented of. 'some of the _principal ' 
bones of the skeleton. They are,taken from a ,young but II;lature . 
male, No. 35~39; U.: S. N ati-onal Museum. The ~eas'uren;ients -
... 
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are ' taken ,in' a straight line. It is to be understood, however, 
that ,other individuals may be somewhat larger OF ~omewhat 
smaller. 
MEASUREMENTS OF BONES. 
Skull, length from condyles to' front of premaxillae __________ .______ 245 mm. 
Atlas, width across hiilder end ________ _____________________________ 73 mID. 
Axis, total 'length _______ ~_________________________________________ 65 mID. 
Axis, width of anterior end across articulation___________________ 48 mm. 
Scapula, length parallel with its spine ______ .... ______________________ 170 mID. 
Scapula, width of upper end _____ .,. ____________________ :.._____________ 115 mID. 
Humerus, extreme length ____________ :.._____________________________ 187 mID. 
Humeru~, from head to surface for ulna ___________________________ 173 mID. 
Radius, total length _________________ :.____________________________ 200 , rom. 
' Ulna, total length, about ___ -______________ :.. ________ .:______________ 240 mm. 
Anterior cannon-bone _______________________________ ~ ___ :. _____ ._____ 200 mID. 
Pelvis, total length ________________________________________________ 230 mID~ 
Pelvis, width at acetabula _~ _______________________________________ 117 mm. 
Pelvis, width at hinder end of ischia _______________________________ 148 mID. 
Femur, total length _______________________________________________ 230 mID. 
Femur, from head to outer condyles _______________________________ ,215 mID. 
Tibia, total length __ ~ ____________ _'_________________________________ 270 mID. 
Hinder cannon-bone __________________________ ~_____________________ 235 mID. 
, Remains of this deer have been reported from many localities 
within the area' occupied by it within historical times. We can-
not always be sure that the identifications have been correct, 
not always sure that the remains belonged to Pleistocene times. 
, Cope, in 1869, reported that remains of this species were abun-
dant in the cave breccia of West Virginia. He also found in 
the collection made in Port Kennedy cave, in eastern Pennsyl-
vania, teeth which he could not distinguish from I that of the 
Virginia deer. It ; is the writer ~s opinion, at present, that the 
de,posits made in that cave were made early in the ,Pleistocene. 
Hildreth (Amer. Jour. Sci., VoL XXIX, 1835, p. 147) reported 
the finding of bones of the deer, (probably this species), in 
cave stalagmite, in Wood county, West Virginia. Leidy found, 
in Peace Creek' beds, Florida, (regarded 'as early Pleistocene, 
or even Pliocene) antlers, bones, and teeth. of a ' deer, that he 
could hot 'distinguish froin corresponding parts of the Virginia 
~~ " , ' , 
', The indications are, therefore, that this deer ' has existed in 
our coUntry since early iiI the ' 'Pleistocene. Had 'we', 'however, 
more abundant mat~rials, it is possible that we would find 'that 
. mOTe than "one species" has been include'd i;mder ' this"hame. 
, -It ' is, ' however, not· certain ' that this 'deer- · has Deen ' found 'in ' 
Pleistocene ' deposits in:' Iowa: ' Jeffries WyInah' . (GeoL 'Surv. 
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WiSC.,Vbl. I, 1862, p. 421) stated that there were, in Professor 
Hall's collection made in the lead regionl a series of .several 
molars which in form and size corresponded exactly with those 
'of the Virginia deer. We are not informed, however, the condi-
. tions under which these were found; whether in the lead-bearing 
crevices or in superficial accumulations; nor 'even in whj.ch 
state, Iowa or Wisconsin. 
10. the collection at the University of Iowa are some remains 
of this deer; but it is probable that they belong to the Recent 
epoch. Nevertheless, it is not impossible that the individuals 
~ lived in the later Pleistocene. A skull is here illustrated (PI. 
XXXI, fig. 5) . This was found on Cedar creek, seven miles east 
of Turin, Monona county. It is apparently thoroughly miner-
alized with oxide of iron and is of a reddish brown color. The ' 
jaws and teeth are all gone; and the bones in advance of . the 
frontals. The extremities of the antlers are likewise missing. 
The following measurements were secured; and for compari-
son the corresponding measurements were taken from the skull 
of a large buck which was collected on Eagle river, Wisconsin, 
No. 119794, U. S. National Museum. 
MEASUREMENTS OF SKULLS OF ODoaOILEUS VlRGINIANUS. 
Fossil 
From occipital crest to fronto-nasal suture____________ 157 mm. 
Width at the mastoid region___________________________ 100 mm. 
Width below the antlers __________ ______________________ 75 mm. 
Height of occipital crest above lower surface of 
condyles _______________________________ ___ --------__ 60 mm. 
Width across face between antlers and orbits.:_________ 102 mm. 
Width of face at the rear of the orbUs___ ______________ 128 mm. 
Width from outside to outside of occipital condyles __ ~ _ 52 mm. 
Diameter of antler just above the burr_________________ 32 mm. 
. Height of first fork of antler above the burr __________ 125 mm. 
Diameter of the beam above. 75mm. above first tine__ 34 mm. 
Recent 
No. 119794 
U.S.N.M. 
156 mm. 
103 mm. 
74 mm. 
78 mm. 
107 mm. 
122 mm. 
59 mm. 
37 mm . 
113 mm. 
34 mm. 
It will be seen tha.t the two skulls have practically the same 
dime~sions. The first tine in both these specimens is given off 
at a greater height than is usmil. . 
With this ~kull were found other remains of the deer, beside's 
parts of .antlersof the elk (Cer'v'Us canadensis) and numerous 
skulls and 'other bones of the buffulo. 
'. 
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In' a letter 'written' early in: i910 Doctor Calvin infbrmed the 
'writer that in ' Iowa near Missouri river, old river ,valleys had 
been graded, beaver dams had been built across them, and buf-
, falo" elk and deer had become mired in the, peaty ' swamps above 
, the ' dams. These valleys had in some cases been filled to ' a 
,depth of twenty or thirty feet. Later :;tllother change of grade 
had resulted in reexcavating the valleys, 'and the bones of the 
,mi.imals mentioned are now found in the bottoms of these young, 
,narrow, deep gulches. Doctor Calvin thought that the deposits 
, c.ontaining the ,bones !night be either late Pleistocene or early 
R~cf:lnt. See also Shimek in volume XX of the Iowa Geological 
Survey, pages 408, 409. , ' 
In ,the Proceed~ngs of the Iowa Academy of Science, for 
1890-91, on page 67, Prof. y. ,M. Witter of Muscatine stated 
that an antler of a deer had been found 'in what 'he regarded as 
loess in the city, of Muscatine. It is not known where the antler 
now is; and without it, probably even with it, it would be im-
,possible to determine the' species to which it belonged. 
Odocoileus whitneyi (Allen). 
'In 1876 J. A. Allen described this species (Amer. Jour. ScL, 
ser. '3, 'Vol. XI, p ,49) on ,materials which had been found several 
'years previously by J. D. Whitney, somewhere in the lead region 
6f Wisconsin, Iowa, and Illinois. These materials, together 
with remains of Maplmut, Megalonyx, Platygonus, a supposed 
. ' extinct. species of Bison, and bones apparently of Cervus cama-
de'lisis ' ~:ri.d ' of Anfilocapra ame't'icana and some other species 
had been discovered in the 'lead-bearing crevices of that region. 
Whether or not the. bones which form the type of O. whitnf3-yi 
had been discovered in Iowa, seems nowhere ' to have been 
stated; but in: Wyman;s · account of the vertebrate remains 
. which had been ' secured in the ,region (Rep. Geol. Surv. Wise., 
'Vol. I, p. ' 421) referred to, he includes some remains of a deer 
. among those -which ~h-ad- beenfound f~- Iowa-and Wisconsin. We 
cannot. therefore be . cert,ain , to· which of these two states t~ 
credit the type. We need not dO,ubt" however, that the , species 
at the. same time inhabited that whole region. 
The .remains which "..¢\..nE;l~ ', referred to O. whitneyi were a 
. left ' humerus, entire except lacking the' proxiIp,al epiphysis; a 
left radius, also lacking the distal en~; and a right metatarsal, ' 
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which had lost its ,distal portion, , Noneofthe,s~ parts'. were 
figured. They are now probably in the. collection .. at the' Mu-·. 
seum of Comparati,ve Zoology at Cambridge, . MassaGhus.~tts .. 
According ' to Allen's .description,- these bones -res.embled 'in 
form closely the . corresponding parts of the white-tailed deer , 
and of the mule deer, but they were· somewhat lar.ger j the ·ani-· 
mal being, as he concluded, 'about one-seventh larger than"the-, 
mule deer, and about one-fifth larger than thewhite~tailed deell. 
He found that in the mule deer, O . . h?mionus, the condyles at " 
the distal end of the humerus were· s~ghtly broader than in the 
- other two species .here mentioned. . The ulna of O. '.whitneyi . 
had been' ankJlose'd solidly to the radius nearly throughout its 
length; whereas' in O. hemionus it is ankylosed only at·its middl~ 
portion, ·being fJ;ee at both the proximal and the distal ends and 
distally not even in contact with the radius. In O. virg~nia~, 
however, t:q.e ankylosis is nearly as complete as in O. whitneyi. 
The metatarsal hone differed ·in .some respects from that of 
both . the ~ther ·,species . . It ·is thought proper to copy here 
Allen's measurements. It will be noted that the names .em-
ployed by that author differ .somewhat from those 1?-ere used, 
all the species being referred to t4e genus Cervus and the 
specific name .macrotis being applied to the mule deer. 
COMPARATIVE MEASUREMENTS OF BONES OF OERVUS WHITNEYI, 
OERVUS MAORPTIS, AND OERVUS VIRGINIANUS. 
I 
CervuB \ CArvuB I CervuB vir-
whitneyi macrotis , ~inianuB 
Humerus, total length ______________________ 
--
227 mm. 220 mm. 
Length from most proximal part of head to 
. most distal part of mner condyle ____ :. ___ 
.!- 203 mm. 200 mm . 
Breadth of condylar surface 
---------------
48 mm. 42 mm. 38 mm. 
Antero-posterior breadth of ' inner condyle __ 51 mm. 42 mm. 42 mm. Least circumference of shaft ________________ 85 mm. 76 mm. -73 mm. RadIus, total length _________ ~ _______________ 
--
242 'nim. 230 mm. 
Transverse breadth Of proximal end ___ .., _____ 
--
.. 39 mm. 37 mm. Transverse breadth of distal end ____________ 
.41 .mm. 38 mm, 37 mm. 
Least transverse diameter' of shaft ___ :.. _____ 29 mm. 25 mm. 24 mm. Least . cjrcumference _____________________ ..:,.. __ 
.80 llllp.. 68 mm. · 65 mm. Metatarsus, total length ____________________ 
--
273 mm. 255 mm. Transverse breadth of proximal end _________ 33 mm. 29 mm. 28 ID:ID. 
Antero,posterior breadth of proximal end __ 36 mm. 32 mm. 30 mm. Transverse breadth of distal en:d ______ :..~ _____ 
--
35 . mm. '33 inm . 
Lea~t t~ansverse diaIl,leter of shafL _________ 22 mm. 21 mm. " 18 mm. Least CIrcumference of shaft ________________ 67 .mm. 6tl mm. 58 mm .. 
Length of corresponding portions (proximal ; 
, five,sixths) ---------------~--------~---- 2Z3 mm ... 232 :rpm. - 220 :r;nm. 
. \ 
.r ' 
.. 
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J. A. Udden (Iowa GeoL Surv., VoL XI, p. 110) reported 
that an antler of a deer had been found in what was regarded 
as Sangamon soil near Wapello, -Louisa county, Iowa. The exact 
locality is given as the northwest quarter of section 14, town-
ship 74 north, range 3 west. The finder was Mr. George 
Gresham. This gentleman informs the writer that he still has a 
part of the antler. It is impossible to determine the species to 
which the antler belonged. , 
Genus CERVUS Linn. 
Antlers iIi the male only; witb a short pedicel; large and 
cylindrical; with a brow tine and two other, tines on lower half 
of shaft; the ' tines arising from the front of ' the main shaft. 
Canine teeth present; upper molars rather high-crowned and 
with an accessory column on the inner side. Antorbital gland 
pit of moderat~ size. I 
The members of this genus inbabit central Europe, central 
and northern Asia, and central North America. Formerly the 
American species occupied the United States from the Atlantic 
to the Rocky mountain region and to northern California, and 
from Yukon Territory south to Tennessee and probably even 
western Florida in the eastern region. In Europe and northern 
Asia species of this genus occur in both the Pliocene and the 
Pleistocene. From Pleistocene deposits of Oregon Cope de-
scribed a species, C~rvus fortis, but it is not certain that it 
belongs in the genus. No other specie is known in North 
America until the appearance of C. canadensis in the latter 
part of the Pleistocene. 
, CerV'1.IS .canadensis Erxleben. 
The Wapiti; American Elk. 
,The American Elk, or Wapiti, is a stately and splendid spe-
cies of deer which, on the coming of white men ,to this continent, 
occupied , the more temperate par,ts of the country from the 
Atlantic to the Pacific, extending its range north to about 57· 
Jatitude and south to North Carolina, Tennessee, Arkansas, 
Texas, and New Mexico. It is now' on the verge of extinction. 
It is a much larger animal than the Virginia deer, having a 
length of about eight feet from the nose to the root of the tail, a 
height of nearly five ' feet at the shoulders and somewhat more '. 
/ 
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at the rump. The female is · somewhat smaller·. The antlers 
(Fig. 90) are large, reaching four feet six ·inches in . length; 
measured along the curve; and sometimes probably they were 
still larger: They extend upward} outward, arid somewhat back-
ward. The tines, :five to seven in number, project frolp. the 
front of the main shaft. Other details of the structure are 
given below . . 
Fig. 90. OerVI!-S canadensis. Right antler seen from the left side. Much reduced. 
The nose is toward the left hand. From Baird. 
Remains of the wapiti in a fossilized or semi-fossilized condi-
tionhave been 'reported from various parts of the eastern half 
of the. United States, VermQnt, New YQrk, New Jersey, Mary-
land, N Qrth OarQlina, SQuth OarQlin!l, Kentucky, Indiana, 
Michigan, Iowa, . WiscQnsin, and IllinQis, and from , OntariO', 
Oanada. Oertainly some Qf the remains rep.orted belQng to the 
R~cent · ep'Qch; Qthers are certainly Of PleistQcene thnes; abQut . 
others there must remain great doubt. There seem to be nO' 
remains that prQve the presence of this animal in Qur country 
. during the earlier part of the Pleistocene, none that seem to' be 
, . 
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as anciel).t as :,some of the finds of the V~rgj.nia deer, Harlal!: , 
(AIDer: J"our. Bei., VoL XLIII, 1842, p~ 143) reported ,tha(elk 
t~eth had l;leen found Cat N(;lwbern, .North' Carolil).a, and 'with 
them teeth of the mastodon, elephant, d~'er and horse. Cope 
(Trans. Amer. Philos. Soc., Vol. XIV, p. '125) sta~eq: that frag~ 
ments of , antler.s not distinguishable from those of the elk h~d 
been found at Talbot Neck, Maryland, in company With' bon~B 
of an elephant. James Hall (Jour. Boston Soc. Nat. Hist.,' Vol,' 
V, p. 391) reported that the horn of an elk had been found in a 
bed of muck at it depth of twelve feet. This was in Allegheny 
county, New York. . Leidy (Ann. Rep. Gaol. Surv. Pa., 1887, 
p. 6) found a large fragment ' of an antler and pieces of limb 
bones of the elk in a cave at Stroudsburg, Pennsylvania. In the 
same cave were remains of the bison, reindeer and the giant 
beaver (Oastoroides). The writer agrees with Osborn that, so 
far as we can now determine, the wapiti was a late .comer to ' 
truE! region; but it was probably here before the extinction of 
the mastodon. Inasmuch .as remains of this animal will cer-
tainly be found here and there throughout the state, it is thought 
best to present measurements of the teeth and of "the most 
characteristic parts of the skeleton in order to aid in their 
identification. 
The following measurements are made from three skulls in 
the U. S. National Museum, No. 86417, a young adult male from 
.T ackson Hole, Wyoming; a nearly adult female, No. 
24217, from Yellowstone Park; and a second larger male, No. 
1n889, from Jackson Hole. WyoIPing: 
. . 
MEASUREMENTS OF SKULLS ·OF · THE -WAPITI. 
Length from condyles to front of premaxillae Breadth at ear·openings _ .! ___ .... _____________ _ 
Breadth across zygomatic arches __________ _ 
Breadth on rim of orbit at fronto·lachrymal 
I 
Male 1 Female I Male 
No. 86417 No. ~421: .No.171889 
,. 
408 mIn. . 380 inm. 455 mm. 
123 mm. 110 mm. 160 mIn. · 
177 mm. 15!:! .. I@l: . ~~7 Ip.IIl. 
R _ .~ . i f., • 
. suture _____________ .:..:. ____________________ '132 mm. 125 . mm. · 150 · mm. 
~·88 mm. ' 98 mm. Breadth just above antorbital foramen ____ ~ 88 mm. 
Breadth at sockets of canines_______________ 8.6 mm. 68 'Iifm. 90 lilin. 
Distance from front of premaxillae to pala-tines _____________________________________ 192 mm. i92 ·mm. 215 mm. 
Distance from front of premaxillae to hind· \ ~ ... 
er nares ____________________ -----------__ 255 inm. 245 .:np;n.. ~8~ mm. 
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-MEASUREMENTS OF SKULLS OF THE WAPITI-Concluded 
I Male I Female r Male No.86417 No. 24217 N 0.171889 
Distance from 'front of premaxillae to anter-
""ior premolar -' ___________________________ 126 min. 
Width of ' palate at front premolars_'-_______ 50 · mm. 
Width of palate at front of hinder molars 70 mm. 
Length of lower:' jaw from'incisive border to 
rear of angle ____________________________ 332 mm. 
Length of symphysis _____ . __________ ~________ 52 mm. 
Height at first true mQlar__________________ 44 mm. 
Length of upper premolar-molar series______ 133 mm. 
Length of upper premolar. series '____________ 59 min. 
Length of upper molar series________________ 78 mm. 
~ Length of lower premolar-molar series______ 144 mm. 
Length of 'lower premolar series____________ 57 mm. 
Lengtb of -lower molar series________________ 87 mm. 
Distance from last incisor to anterior pre-molar ___________________________________ • 96 mm. 
Pm.', length ________________________________ 21 mm. 
width ________________________ _________ 17 mm. 
Pm. 3, length ________________________________ 22 mm. 
width _________________________________ 19.5mm. 
Pm.', length ________________________________ 18 mm. 
width _________________________________ 20 mm. 
M.', length ________________________________ 23 mm. 
width _________________________________ 24 mm. 
M. 2, ~f!t~ _=============~================== fs::: 
, M.·, length __________________________ ______ 27 mm. 
width _________________________________ 23 mm. 
Pm.2, ~f!t~ _===~===~======================== ~g Pm.a, length ________________________________ 19 
width _________________________________ 13 
Pm .• , length ________________________________ 23 
width _________________________________ 15 
mm. 
;rom. 
mm. 
mm. 
mm. 
mm. 
M.,, · length ________________________________ 24 mm. 
width ___________________ , __ ___________ , 16 mm. 
M .• , .. ~f!t~ _==~============================= ~g M .• ; length ________________________________ 35 
~i4th ______ ___________________________ 17 
mm. 
tnm. 
mm. 
mm. 
55 mm. 
70 mm. 
305 mm. 
44 mm. 
38 mm. 
133 mm. 
58 mm. 
80 mm. 
140 mm. 
,55 mm. 
87 mm. 
89 min. 
24 mm. 
25 mm. 
30 mm. 
28 mm. 
25 mm. 
17 mm: 
31 mm. 
19 mm. 
145 mm. 
57 mm. 
78 mm. 
138 mm. 
62 mm. 
81 mm. 
21 mm, 
18 mm. 
22 mm. 
21 mm. 
19 mm. 
21.5mm. 
23 mm. 
26 mm. 
29 min. 
28.5mm. 
28 mm. 
25 mm. 
, In the case of the fem,ale skull rr,e~sured aboye, the milk teeth, 
much worn; are yet in position. Although their indivIdual meas-
urerriep.ts . are.' not given, they are included in the lengths of th~ 
series. The lower hinder true molar is n,ot sufficiently ext~uded 
.. ,. , . " . 
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for accurate measurement. In considering the measurements 
of the teeth of this species, as in the others, it must be taken 
into account that as they are worn down they become slightly 
shorter, fore and aft, and the wprn face broader. · The latter 
fact does not affect the measuremC:'nts here given of the breadth, 
for this is taken at the base of the tooth. 
In each of the upper molars of Cervus canadensis (PI. XXXI, 
fig. 6) there are two parts, or lobes, an anterior and a posterior, 
and each of these is made up of two cl'escents, an inner and ap. 
outer, the f~ur crescents corresponding to ,the four cusps of the 
quadritubercular tooth. The hinder molar lacks a third, or 
hinder lobe, or heel. Between the inner and the outer crescent 
of each lobe 'there is a deep crescentic pit, which remains open, 
instead of becoming filled with cement, as it does in the buffalo. 
N either is there any· cement on the other parts of the tooth. On 
the outer face there are three prominent ridges. One of these, 
the parastyle, is in front; the sec0nd, the mesostyle, is situated 
at the meeting place of the outer crescents of the anterIor and 
posterior lobes; the third, the metastyle, is at the hinder outer 
angle of the tooth. The outer face of each lobe is nearly paral-
lel with the axis of the tooth. Thp. anteri,or face is divided into 
two equal parts by a prominent ridge which descends from the . 
base of the parastYle. The hinder face is traversed from 
top to bottom by a broad low ridge. The inner faces of these 
upper molars have the two lobes ~eparated by a very deep val-
ley. In this valley, at the base of.the crown, is a little column 
which resembles somewhat a diminutive stalactite. 
The upper premolars are composed of a pair of crescents, an 
outer and an inner. The inner face of each is convex. The 
outer face ' has a prominent style, or pillar, in front; another 
behind this, starting near its base; and ·a third, at the rear of 
the tooth. In the two hinder premolars there is a very narroW' 
and sharply defined valley between the anterior and tbesecond 
pillars. 
In the lower jaw (Pl. . XXXI, fig. 7) the molars are much 
narrower than the upper, but there ar,e here also two lobes an~ 
four crescents. The hinder molar presents, in addition, a 
smaller lobe, or heel. Here the deep valley which separates the 
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lobes is on the outer face of the tOl1th. In this valley, at the base 
of the crown, is seen 'a stalactite-like column; while at the front 
of the anterior lobe is a pillar which is applied to the lobe, but 
does not rise to, its summit. On the irin'er face of each tooth 
there are styles, or pillars, similar to those seen on the outer 
faces of the upper teeth. The ridge rising on the face of each 
lobe' is well developed, being broader and jDore prominent than 
, the styles themselyys. 
The lower premolars. are more advanced than are those of 
the upper jaw; that is, ~they have begun to assume the form of 
, the molars. On, the outer face there is, between the middle and 
hinder thirds, a: rather deep valley, cutting off a small hinder ' 
lobe; and e,ach of th~se in the hinder premolar, contains a pit, 
which is, however; much shallower than those of the moiars. In 
the third premolar the lobes are slightly less well defined; and 
the front half of the outer face is deeply excavated. The second 
premolar is of still simpler form. 
The lower incisors diminish rapidly in size from the first to 
the third., In a specimen with these teeth little worn the first is 
17 mm. wide; th e second, 11 mm.; the third, 9 mm. The hinder 
face of each is excavated and presents two or three ' strong 
ridges, :which pass from near the base of the crown to the cut-
, ting edge. The canine has a width of 7 mm.: is closely appressed 
against the third incisor, and resembles it closely; but it is a 
little smaller than the incisor. ' The enamel of all the teeth is 
finely wrinkled. , 
The antlers of the elk (Fig. 90) rise from the pedicels, pass-
ing upward, and outward, and having between them an angle of 
less than 90 degrees. Toward the extremity the main stem 
turns forward and often a little inward. The tines rise from 
the front of the main stem, not from the hinder border, as they 
do in Odocoileus. There is ' a brow tine and two others in the 
lower half of the shaft, and two or three others in the upper 
half. In the speclmen at hand, from Wyoming, the main shafts 
are.' about four feet long, and the tips , of the two antlers are 
~hree ,feet apart. , 
To assist jn identifying bones of. the 'elk that may be found, 
the following measurements are given. They are taken from a 
17 
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fully ,grown male individual in the U.S. N'ational Museum. All 
measurements are made in a straight line: ' 
SKELETAL MEASUREMENTS OF ELK. 
Axis, total length of the centrum.: _____________ -' _________________ _ 
Axis, widtH across anterior articulation __________________________ _ 130. 
mID. , 
88 mID. 
Scapula, length parallel with the spine ____________________________ _ 
Scapula, width at the upper end ___________________________________ _ 350 mID. 20.5 mID. 
Humerus, total length __________________ ---------------------: -----Humerus, length from head to distal end _________________________ _ 
Humerus, fore-and-aft diameter of ' upper end _____________________ _ 
Humerus, side-to-side diameter of upper end _____ ' _______________ _ 
Humerus, fore-and-aft diameter at middle of shaft ___________ ~ ___ _ 
345 nun. 
300 rom. 
110. mID. 
97 mID. 
47 mID. Humerus, side-to-side diameter at middle of shaft ________________ _ Humerus, width of lower end _____________________________________ _ 38 mID. 74 mID. 
~adius, total length _______________ ~ ____________________________ ~ __ 
~adius, greatest width at upper end _______________________________ _ 350 mID. 73 rom. 
~adius, diameter at middle of length, fore and aft _______________ _ 
~adius, diameter at middle of length, side to side ________________ _ 25 
mID. 
43 mID. 
~adius, width at the lower en~, side to side _______________________ _ 67 rom. 
Ulna, total length ________________________________________________ _ 435 mID. Ulna, breadth at rear of' articulation with hume;rus _______________ _ 
Ulna, greatest diameter at middle of length ______________________ _ 65 rom. 20. mID. 
Anterior cannon-bone, total length'-_______________________________ _ 30.3 mID. 
Anterior cannon-bone, diameter at upper end, fore and aft _______ _ 36 mID. 
Anterior cannon-bone, diameter at upper end, side to side _______ _ 54 mID. Anterior cannon-bone, diameter at middle, side to side ___________ _ 33 mID. 
Anterior cannon-bone, diameter at lower end, side to side ________ _ 55 mID. 
J>elvis, total length _______________________________________________ ~ 430. mID. J>elvis, breadth at acetabula _________________________ :.. ____________ _ 265 mm. J>elvis, breadth at hinder 1lnd of ischia ____________________________ _ 310 mID. 
Femur, total length ________________________________________________ : 40.0. ' mID. 
, Femur, head to distal end _______ -' _____________________ .:. ___________ .: 380. mID. 
Femur, greatest width at upper end ______________________________ ~_ 110. ;rom. 
Femur,. diaIi).eter at middle of length ____________________________ :... 38 mID. 
Femur, greatest width at lower end, side to side__________________ 95 mID. 
Tibia, total length __________________________________________________ 445 mID. 
Tibia, width at upper end, side to side____________________________ 10.0. mID. 
Tibia, diameter at middle of length, fore and aft_________________ 33 mID. ' 
Tibia, diameter at middle of length, side to side__________________ 42 mID. 
Tillia, diameter at lower end, side to side ____________________ .:.. ____ -'_ 67 mID. 
In ' the female which furnished the measurements of the skull 
'and teeth, the bones are considerably shorter. The humerus, 
froni the head to the surface for the ulna, is 260 mm. long; and 
the total length of the tibia is 385 mm. Allowance must there-
fore be made for individual variation, for sex and for age. In 
case the antlers are not found with 'remains of the elk, it may 
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be necessary to rely on the teeth for . identification; or teeth 
only may be found. 
The size o{ the teeth of the waviti will distinguish them easily 
from those of the Virginia deer. They need to be carefully 
studied to distinguish them · from those of the moos~ (.Altes . 
americanus) , Scott's moose (Oer'valC'~s scotti), the musk-oxen, 
and the various species of bison. 
A comp'arison of the measurements of the teeth of Oervus 
canadensis with those of .Alces americanus shows at olice that 
those of the latter · are larger, being especially broad~r. The 
~ greatest differences are found between the premolars of the 
two species, those of the moose· being both much longer and 
much broader. In the upper molars of the moose there is no, 
or a very minute, column between the lobes, on the inner face of 
. the tooth. The outer face of each lobe is directed strongly back-
ward and inward, instead of being parallel with the jaw. The 
anterior and the median styles (para style and mesostyle) are 
more prominent in the moose than in the wapiti. [n the 
. moose the ridge, or the pillar, which descends near the middle 
of the ·outer face has its surn.mit di.rected forward, so as to over-
hang slightly the exc!lvation in fTont of it. 
The lower molars of the wapiti are easily distinguished from 
those of the moose by the measurements. In general the molars 
and premolars of the latter are much wider in proportion to 
their length. 
The teeth of. the bisons must be considered. If unworn or 
little worn upper molar teeth of the bison and of the wapiti are 
compared, the former may at once be distinguished by the far 
higher crowns, being perhaps twice as high as those of the 
wapiti. If the teeth are worn down those of the wapiti will 
have the inner and t~e outer face sloping strongly toward each 
other, while in the bisons they will be nearly parallel. The 
worn ' faces of the. molar teeth of the bisons are more nearly 
square than those of the wapiti. Those of the bisons have, on 
the inn'e! face, instead of a little freely projecting column, like 
a little stalactite, a large column that adheres to the tooth nearly 
the whole length ap.d nearly fills the cleft between the two lobes. As to the premolarsJ the measurements must be applied; or 
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those of the wapiti may be compared with the same teeth in 
the skull of the domestic ox. In regard to the lower teeth, com-
parisons of the measurem,ents of the wapiti teeth 'with those of 
the bisons will usually settle the :rr:.atter. The lower true molars 
of the bison have, ' on the outer face, a strong fold of enamel, 
forming a style or column in ' the cleft between the two lobes. 
Fi~ally in the teeth of the bisons there is more or less cement 
on the surfaces and in the pits between the crescents. 
As stated on page 249, in discussing the occurrences of the 
VirginIa deer in Iowa, o alvin- reported the finding of elk re-
mains along Oedar creek; east of Turin, Monona county. 'With 
these were found many skulls of the American bison. Mr. 
Henry McOall of Monona,county informs the writer that he has 
picked up elk horns and buffalo heads on his father's farm 
about seven miles north of , Moorhead. ' This is along Beaver 
creek. In a letter from Mr. H. C. Lowrey, of Nevada, Story 
county, Iowa, 'the author has been informed that Mr. Lowrey 
has found many elk antlers in ditching and plowing up a large , 
peat marsh on 'his farm. In ditching, one antler was found at 
a depth of three feet. ' Others were found in the process of 
deep plowing and, of co'urse, not far beneath the surface~ One 
complete skull was found, with the antlers attached; This 
locality is within the area covered by the Des Moines lobe of 
the Wisconsin drift and, of course, the peat deposit is more 
recent than that drift. Nevertheless, a long period may have 
elapsed since t~e burial of some of those antlers. , 
Professor Shimek (Iowa Geol. Surv., Vol. XX, pp. 408-409) 
states that remains of the elk have been found along Beaver 
creek in Monona county and along Hog creek, in Harrison 
county. They are found mingled with many bones of the Amer-
ican bison. It is most probable that all these bones belong to 
animals that lived during the' Recent period; but for all that 
they are quite old. 
J. ' A. Allen, of the American Museum of Natural History, 
New York, stated (Amer. Jour. Sci., VoL XI, 1876, p. 48) that 
among the bones and teeth collected by .J. D. Whitney in the lead 
region of Iowa, illinois, and Wisconsin, he had ~ound an im-
perfect radius that se!'lJ?1ed not to differ at all from that of a 
SCOTT'S PLEISTOCENE MOOSE 2!i1 
young male 0 erV1~S canadensis.' We do not know in which of 
the three states this bone was found. The age of the remains 
found in the lead region is not 0ertainly known. Most of the 
species are yet living. Almost the only reason for supposing 
that they are 'pre-Wisconsin is the fact that Dr. Allen regarded 
the . bison remains found there, or at least some of them, as 
belonging to an extinct species. ' 
Genus CERVALCES Scott. 
Antlers pahnated, dividing successively into two portions, . 
the shaft much longer than in ~t\.lces. Nasals and premaxillre 
. much less reduced than in the latter genus, and the nasals in 
contact with the premaxillre. . . 
This genus appears to differ essentially. from Alces, that 
containing the moose, in having the anterior nares, as shown in . 
the skeleton, much smaller, an indication that the prehensile 
upper lip was not so greatly developed. 
Three species of the genus are now known, all from the 
Pleistocene. Oervalces scotti, Lydekker, has been found at Big 
Bone Lick, Kentucky, and. Mount Hermon, New Jersey; O. 
rooseveUi Hay, in Iowa; andO. borealis Bensley, at Toronto, 
Canada . . O. scotti is represented at Princeton University by a 
nearly complete skeleton, while the other species are known 
from only imperfect materials. The former is therefore de-
scribed here with considerable detail. 
Oervalces' scotti' Lydekker. 
Scott's Pleistocene Moose. 
This is the species which W. B. Scott (Proc. Phila. Acad., 
1885, p. 181, pI. ii) described un<;ler the name Oervalces ameri-
-ca·nus . . Lydekker, in hi's " iDeer 'of All Lands," p. 60, pointed 
out that the specific name was preoccupied, and he therefore 
named the animal in honor bf Professor Scott. ' . 
The , first known remains of this species were found at Big 
Bone Lick, Kentucky, and were described and figured by Wistar, 
in 1818 (Trans. Amer.,Phil. Soc., Vol. I, p. 375, pI. Xj figs. 4, 5). 
He mentions it as a "Cervus." Cooper, Smith, and Dek!'l:y, iIi 
" 
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1831, referred it with doubt to the living species of moose. 
Harlan, in 1834, gave it the name CerV'lI;S americanus. The 
descriptions and figures were based on the hinder part of the 
. skull which bore . the bases of the antlers. Lei~y (Jour. Phila. 
Acad., Vol. VII, 1869, p. 378) eXf"resses some doubt regarding 
the place where the skull was found. With the skull in the 
Academy of Natural Sciences in Philadelphia Leidy found the 
bases of the antlers of another spe~imen and two metacarpals, 
all in the same friable and abraded condition. 
About the year 1884 there was discovered in a shell-marl 
deposit, under a bog, at Mount Hermon, N ew Jersey, & nearly 
complete skeleton of a moose which Scott referred , ~o this spe-
' cies. The only bones missing are five tail bones, two ribs, the 
Fig. 91. Oerva!C68 8cotti. Skeleton of ~peclmen In Princeton University. After Scott.' 
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right scapula, right humerus" and a few foot bones. Excepting , 
the bones of the tail, every bone is represented on one side or 
the other of the animal. rrhe bones 'are beautifully preserved 
and look as if they had been obtained from 'a recently killed 
animal. They belonged to an individual which was adult, but 
not old. ' They have been, mounted, ahd the skeleton forms one 
of the attractions of the natural }]istory collection at Princeton 
University. From Scott's plate (op'. oi,t. pI. ii), representing 
this ,skeleton as mounted;' has been prepared the line drawing 
here presented (Fig., 91). The other illustrations also are from 
Scott's memoir. ',' . 
The only certain identifications of this moose are those of 
the materials found at Big Bone Lick and at Mt. Hermon, 
New Jersey. It has been reported with doubt from Kansas 
and from the interglacial deposits at Toronto, Canada. The 
remains found at the latter ' place have recently been described 
by Doctor Bensley as Cervalces borealis. In the American 
Museum of Natural History, New York, there is a humerus 
which lias been identified :;LS belonging to this species, and which 
was found near Brantford, Ontario. It is said that the whole 
skeleton was present, but no attempt was made to save it. The 
single bone was rescued by Mr. S. C. Waters, of Poughkeepsie, 
New York. It seems probable that the deposit containing the 
skeleton was of post-Wisconsin 'age. It is impossible to deter-
mine 'with exactne~s the age of the Big Bone Lick remains. 
Animals left their remains there probably from the time of the 
retirement of the TIlinois ice-sheet up to the present. There is 
more certainty about the time when this fine specimen at Prince-
ton University lived. The whole rountry about Mount Hermon, 
New Jersey, is, according to Salisbury'S map of the glacial de-
posits of New .Tersey (Geol. Sui-v. N . ..,., Vol. V), covered with 
what is called late drift. This is regarded as equivalent to the 
' Wisconsin. The specimen was found in a bog on this drift, and 
" may be regarded therefore as post-Wisconsin in age. 
A study of the measurements of this specimen, as presented 
by Scott, seems to the writer to show that the proportions of 
the extinct species were a,lmost . exactly those o£ the moose, the 
'legs being little if any longer anJ, the neck , rather, longer than 
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shorter, all as compared with the length of the animal. , This 
moose 1Vas thought by Scott to have stood higher on its legs than 
does the ,living species. He has given comparative measure-
ments of this specimen and of one of the moose. The latter is 
said ,to have had a height of 1695 illll.at the withers and 1565 
mm. at the sacrum. The extinct ~pecies showed 1810 mm. and 
1680 mm: as the corresponding measurelllents. That is, the 
extinct species had a height of about six feet at the , shoulders. 
Elliott (Synops. Mamm. N. A., etc., p. 38) states that the Ameri-
can moose may attain a height of 2440 ,mm. at the withers. On 
the other hand the Mount Hermon spe~imen of , Cer.valces may 
not have been the largest of the species. 
In order that it may be possible. .to recognize remains of this 
species if found, the following descriptions and measurements 
are presented, these having been taken from the specimen at 
Princeton. 
The skull has a length of 550 mm. from the condyles to the 
front of the, premaxillre. The width across the paroccipital 
processes is 150 illll.; at the hinder borders ' of the orbits, 252 
. illll.; at the anterior premolar, 132 illll. From the front of the 
premaxillre to the front o~ the, nasals is 185 mm., one-third the 
.length of the skull; in the moose: this is 285 mm., one-half the 
length of the skull. Alopg the midline, between the back of the 
head and the antlers, there is a :,light depression; between the 
antlers a convexity; in front of the antlers, a slope downward. 
Fig. 92. Oervalces scotti. Skull and antler.s, seen from In front. From S,cott. A, an-
terior division of palmation; P, posterior division; Bz, bez-
, tine' ; Pt, posterior tine. 
TEETH: 'OF . CERV ALCES SCOTTI :l6S 
In the male of the existing moose there is a 'high ~nob ' of bone 
between the antlers. The nasal bolies of Cervalces scotti are 
181 mm. long and extend forward in advance of the hinder. end 
of the premaxillre. In ' the living moose the nasals are very 
short · and lack much of reaching the premaxill!ll. . 
The an,tlers (Fig. 92) . start out laterally at nearly right .angles 
With the plane of the midline of the skull. At·a distance -of 100 
mm. from the base the -diameter of the' shaft is 55 mm. At 
about 170 mm. the shaft begins to flatten ap.d is soon divided 
into. two palmations. One of these may be said to con,tinue the 
~ main axis outw~rd, then somewhat upward, ending in the 'snag 
Pt. Its hinder border is thickened, and the width of the pal-
mation amounts to as much as 300 mm. The other branch is 
directed upward and is soon divide<;l into an anterior division, 
A, and a postel'ior, P. , Each of these divides into two portions 
and subdivides similarly into terminal snags. T1;le length of 
the antler, measured on the, outside of the curve, is 863 rom'.; 
the distance between the outer extremities of the two antlers is 
1620 mm., over five feet. 
All the teeth are present eXGept , the lower incisors and can-
ines. The following measurelllent.s have been taken by the 
writer: 
Length' of the upper premolar-molar series, 168 mm.; of the 
premolar series, 7 4 rnln~; of the ITLolar ser:ies,90 'rom. 
Length of the lower premolar-molar series, 168 mm.; of th.e 
, lower premolar series, 75 mm.; of the, lower molar series, :97 
mm. 
MEASUREMENTS OF THE SEPARATE TEETH. 
Upper Teeth. Lower Teeth. 
Pm. 2, length _____________ 23 mm. Pm.2, length _____________ 21 mm. 
w.idth ______________ 23 mm. width ___ .:__________ 14 mm. 
Pm.', length ______ .:______ 26 mm. Pm .• , lerigth __ ..:.__________ 23 nUn. 
width ______________ 24 mm: ' width ___ :.__________ 17 mm. 
Pm. \ length ________ ~____ 26 mm. 
width ___ .:__________ 27 mm. ' 
Pm .• , length _____________ 27 mm. 
width ______________ 20 mm. 
M. " l.ength _____________ 29 mm. 
width ______________ 27 mm. 
M.
" 
length ___________ ~_ 28 mm. 
width _______ ~______ 20 mID.. 
M. 2, , length _____________ 28 mm. 
width ______________ 29 mm. 
M.2, length _____________ 30 mm. 
width _________ ~____ 22 mm. ' 
M.', ' length _____________ ·31 mm. M .• , length ____ .:_---_--- 41 mm. 
width ______________ 27 mm. width' _______ .:.______ 21 mm. ' 
. 
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The width of' the molars, upper alid lower, except m. l , is 
take'n across the anterior lobe. 
In the upper -molars there may be minute accessory pillars, or 
columns, at the base of the valley between the two lobes, on the 
inner side of the tooth., On the outer face of the prerilOlars 
there are two strong styles, of which the anterior is the broader: 
Both arise below the anterior root, and the hinder one swings 
backward to the middle of the faee of the tooth. On the outer 
face of the molaJ;s there are three strong styles. Two o{these 
arise below the anterior , root and diverge little. . The third root 
arises between the two roots of the tooth. ,This swings some-
what backward. In front of it is ~ strong excavation; behind it 
a shallower one. In the hinder molar there is a fourth style 
into which the hinder crescent sends. an extremity. ' 
In the low~l' molars th.ere is a rather thick, but short, style 
on the out.er face in the interval between the two lobes. On the 
inner face the molars are deeply and obliquely notched be-
tween the lobes and the notch penetrates the anterior cement 
lake. The inner face of each lobe has a styfe, which, however, 
subsides toward the base of the <:.rown. The hinder molar has 
a large heel or third lobe. The hindermost premolar resemble's 
a molar, but it has a little external style. The inner f:;tee of the 
two anterior premolars is strongly folded ~nd notched. 
The following measurementE! are given of some of the prin-
cipal bones of the skeleton; an9., in a parallel column are pre-
.sented the corresponding measurements taken from ~specimen 
of the moose,.:No. 24~19, of the U. S. Natio~al Museum: 
MEASUREMENTS OF BONES OF CERVALCES AND ALCES. 
l ·cerValces I Alces 
Atlas, distance between the hinder extremities ,pf the 
wings -:~_ -:. ______ .., ___ ' ____________________________ :-_.___ 180 mm. 140 lnm. 
Axis, length of centrum along midline below, .. not in· 
eluding the spout _______________________ : ______ .. ____ 96 min. 115 mm. 
Axill, extreme height, behind ___________________________ 138 mm. 133 mm. 
Soopula" extreme length, parallel with spine ___________ 445 mm. 382 mm., 
Scapula" width along upper border.: __ .,. _____ .,. ______ ,..____ 2.55 mm. 240 mm. 
Humerus, total length ____________________________ "' ___ .., 425 mm. 360 mm. 
Humerus, diameter at middle of length, fore and'aft___ ,55 mm. 50 nim . 
.. Humerus, diameter at middle of ·length, side to side ___ .44 mm. 39 mm. 
Humerus, width of lower end___________________________ 85 min. 70 mm. 
I • 
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MEASUREMENTS OF BONES OF CERV ALCES AND ALCES-Concluded 
I Cerv~rces I Alces 
.. Radius, total length ______________ :..____________________ 450 mm. 350 mm. 
Radius, diameter at middle of length, fore and aft____ 31 mm. 28 mm. 
Radius, diameter at middle of length. side to side_____ 55 Dim. i6 mm. 
Anterior cannon-bone, total length ________ ~_:. _______ _"___ 355 mm. 306 mm. 
Anterior cannon-bone, diameter at middle of length, fore and aft __________________________________ .:._____ 37 mm. 37 min. 
Anterior cannon-bone, diameter at .middle of length, 
side to side ____ '-____________________________________ 40 mm. 
. Pelvis, greatest length _______________ ,._________________ 490mm. 
Pelvis, width in front ___________ _" ____________________ _ 
~ Pelvis, width at front and rear of acetabula_~---------Pelvis, width at . extreme rear __________________________ 440 mm. 
Femur, length from upper surface of head to internal condyle ____________________________________________ _ 
Femur, diameter at middle of the length, fore and aft 51 mm. 
Femur, diameter at middle of the length, side to side_ 45 mm. 
Tibia, total length ____________ .. ________________________ 512 mm. 
Tibia, diameter at middle of the shaft, fore and aft__ 35 mm. 
Tibia, diameter at middle of the shaft, side to side___ 47 mm. 
Hinder cannon-bone, total length _______________________ 421 mm. 
Hinder cannon-bone, dia:rp.eter at middle of length, fore 
and aft ______________ ~------------------------------ ?8 mm. 
Hinder cannon-bone, diameter at middle of length, side 
to side on iI~ner face________________________________ 36 mm. 
Cervalces roosevelti Hay. 
Roosevelt's Pleistocene Moose. 
37 Illll).. 
485 :nun . 
220 mm. 
205 mm. 
340 mm. 
392 mm. · 
41 mm. 
40 mm. 
466 mm. 
35 mm. 
42 mm. 
353 mm. 
33 mm. 
30 . mm. 
Of this species nothing is known except the right half of the 
brain-case and a part of the antler borne by it. This was found 
in a gravel pit at Denison, Crawford county, Iowa. The de-
posits were at one time supposed to belong to the Aftonian, but 
. this opinion is not now regarded as certain. Professor Shimek 
informs the writer that he was mi8informed .regarding the place 
where the antl,er was found; and that, instead. of coming from 
. a pit beneath two beds of loess, it was obtained in .another pit, 
in a terrace near the river over which no loess is deposited. 
The specimen here described was first mentioned by Calvin 
in 1908 (Bull. Geol. 80c. Amer., Vol. XX, p. 350), who announced 
it as the antler of a llH:ge stag whi~h had relationship with 
Cervalces ameriqanus, I. 'th.' animal just d~scribed here as ·C. 
scotti. The present writer described and named the specimen 
, in 19).3 (Proc. BioI. Soc. Was4irlgton: Voi. XXVI, p. 5, fig. 1). 
In ' the study of this sp"ecimen comparison "had been made with 
. . ....... . .. 
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the figures and measurements .of the corresponding parts of the 
fine specimen .of Cervalce,s scotti which is i:p. the paleontological 
collection at Princeton University. . 
The portion of the skull 'present ' e:x;tEmds to the midline· and 
along this a distance of .154 mm. It includes a part of the 
parietal, a part ,of the right squamosal, and the right frontal as 
far as the outlet of the olfactory lierve. Nearly one-half of the 
brain-case is therefore pr'esented. ' 
As will be seen from a photograph sent the writer by Calvm 
a short time before his death (PI. XXXII, fig. 1), and another 
taken by the writer (same pl., :fig 2), the antler stoo'd 'on a 
pedi~el of considerable length, the distance from the midline of 
. the skull to the burr being 105 mm. The face, just in front of 
the antlers, had a width of 210 mm., The remarkable feature of 
the antler and that which especially distinguishes it from the 
a:ri.tler pf Cervalces scotti, is the length of the beam. The dis-
tance f:t'om-the burr to the point where the upper border begins 
to rise is about 300 mm.; in the case of C. scotti, this distance is 
about 180 mm. At the same time the diameter of the beam ata 
distance of 100 mm. from the burr is slightly less in Cervalces 
roosevelti than in C. scotti, 52 mm., instead of 55 mm. · The 
burr itself has a diameter of 65 mm. in the plane of the face, and 
?f 68 mm. at right angles to it. ' 
The beam is directed outward at nearly right angles with the 
.median plane of the skull, rising possibly · a little at first and 
farther out , drooping slightly. The lower border continues out-
ward straight to the limit of the specimen, 485 mm. from the 
midline of the skull, 380 mm: from the burr. How much farther 
the antler extended one cannot say, but doubtless it 'ended in a 
snag. As stated, at a point about 300 mm. from the burr, on the 
upper border, the ascending branch takes its origin. It is at 
first directed, upward, then turns somewhat inward. From the 
lower' border of the antler to tbe place where the ascending 
branch is broken off is a distance of 335 mm~ Where the frac-
ture is found the greatest diameter is 55 mm. and this, in a 
horizontal plane, is directed forward and outward. Above this 
the ascending branch probably divided and finally ended in' 
snags,- as in C. scotti.: That border of this branch which is di-
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rected inward is flattened and, at a height of 150 mm. above 
the lower border of the antler, is 65 mm. thick. This branch is 
'connected outwardly· With the horizontal branch by an expan-
sion whose edge, 13 mm. thick, is broken away. This palmation 
begins at a point 180 mm. above the lower border of the antler, . 
and its outwardly d~rected free border seems to have sloped' 
downward and outward. Probably this palmation extended 
outward and corresponded to the horizontally directed one seen 
in C. scotti; but it must have been quite differently disposed. 
Just above the upper edge of thi~ expansion, at-a distance of 
190 mm. above the lower border of the antler, the 'as~ending 
branch gave off another division which appears to have been 
directed upward, backward, and outward; but ther~ remains 
only the base, which has diameters of 60 mm. and 45 mm. This 
division may have subdivided, as·in C. scotti, or it may have 
soon ended in a tine. It. is very probable that the various divi-
sions of the antler of this specieR might 'be homologized with 
those of the antler of C. scotti, but better materials are needed 
in order to do this. 
Cervalces bo;ealis 'Bensley is known f:i'o~ only the type speci-
men. This corisists of the shaft of one antler, extending from 
the burr; to just beyond the expansion. The total length of the . 
fragment i.s 430 mm . . The length from the burr to where the 
antler expanded is about 180 mm., perhaps a little more. ' The 
shaft is bent, so that distally the. antlers evidently drooped con-
siderably. The diameter of the shaft just beyond the burr is 
68 mm., and nearly as . much (65 mm.) near the point of ex':' 
pansion. 
This specllnen was found in the interglacial deposits at 
Toronto, Canada . . These may belong to the Sangamon stage. 
Genus ALCES Gray. 
Antlers broadly palmated and with a rather short shaft. 
Nasal bones "ery short, ·far removed from the reduced pre-
maxillaries and leaving in ,the skeleton the anterior. nares open' 
a distanc.e equal to one-half the length of the J?ead. . 
. . 
Of this genus there are recognized at present two distinc;t spe-
CIes. One, Alces machlis, ·inhabits northern Europe and Asia; 
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the other, A. americartus, the region extending from Labrador 
and Nova Scotia west to the Rocky mountains and north to Great 
Slave Lake and even Alaska. . 
Although the moose (Alc'es a.mericanus) has not, so far as 
the writer knows, been found fossil within the limits of the state 
. of Iowa, there is every reason to suppose that it will yet be 
discovered there. For this reason, . but especially to enable 
comparison to be made between it and the species of Cervalces, 
the following remarks are made OIl it. 
The genus Alces diff·ers from Cervalces .in having the nasal 
bones much reduced, so that they do not come into contact with 
the shortened premaxillre and so that the nasal opening in the 
skeleton occupies about one-half of the length of the face. . The 
antlers are broadly palmated, bu~ they do not divide dichoto-
mously, as they do in Cervalces, at least in C. scotti. The 
shaft of the antler of the moose is much shorter than that of 
Cervalces. 
The moose attains a bulk about equal to that of the horse. 
The height at the shoulders may ' be as much as 2440 rom. 
(eight feet); the length, 2190 mm. (seven ' feet). The size is, 
however, usually smaller. . The 8klill is long ' and narrow and 
the part of the upper jaw 
in front of the anterior 
premolar is considerably 
longer than the series of 
cheek-teeth. In this re-
spect it resembles Cer-
. valces, but differs from 
the elk. The length of the 
skull of a specimen in the 
U. S. National M-q,seum, 
No. 111671, from Mani-
toba, is 560 mm., from the 
occipital condyles to the 
front of the premaxillre. Fig. 93. Alces americanus. View of left antler 
The width at the ear- from front. After Baird. 
opening .is , 165 mm.; at the zygomatic arches, 218 mm.; at the 
hinder border of the orbits, 232 mm. :From the front of the 
premaxilh~ to the front of th~ 'nasals is 255 mm~ 
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In _ the grown males the antlers form. two enormous expan-
sions, 'which are' furnished onthe1r front borders with numer-
ous tines, or snags (Fig. 93). ' The shafts are short. The ex-
tent of ·the antlers (from outside to 9utside) may be more than 
four feet. The following measurements of the teeth are taken 
f:r:om the specimen mentioIied a~ove. 
·Length of the upper premolar-molar series, 147. mm.; of the 
upper premolar series, 67 rom.; of the upper molar series, 82 
mm. 
Length of the lower premolar-molar series, 163 mm.; of the 
lower premolar series, 67 mm.; of the molar series, 93 mm. 
MEASUREMENTS OF THE SEPARATE TEETH. 
Upper Teeth. 
Pm.', length __________ ..:____________________________________________ 24 mm. 
width ______________________________________________ --------__ 21 mm. 
Pm. a, length _______________________________________________________ 23 mm. 
width ______________ ._________________________________________ 25 mm. 
Pm.', length _______________________________________________________ - 23 mm. 
width ______________________________________________ .,,.._,. _____ ~ 28 mm. 
M. I, length _______________________________________________________ . 26 mm. 
width ________________________________________________________ 27 mm. 
M.', length ______________________________________________ ~________ 28 mm. 
width _________________________________________________ ._______ 29 mm. 
M. a, length ______________________ ~________________________________ 28 mm. 
width _________________________ .,.______________________________ 30 mm. 
Lower Teeth. 
Pm .• , length _______________________________________________________ 19 mm. 
width ________________________________________________________ 14 m.m. 
. Pm.B, length ____ ~__________________________________________________ 23 mm. 
width ________________________________________________________ 17 mm. 
Pm." length _______________________________________________________ 27 mm. 
width ________________________________________________________ 18 mm. 
M'l, length _______________________________________________________ 25 mm. 
width ________________________________________________________ 20 mm. 
M .• , 'length _________________________ .:._____________________________ 27 mm. 
width _____ .:. ______________________ :.. ___ .:._______________________ 22 mm. 
M.
B
, length _______________________________________________________ 30 mm. · 
width ___________________________ :... ___________ .,.________________ 22 mm. 
On page 266, in the second column, there are given meas-
urements of some of-the principal bones of the skeleto~ of "the 
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moose. These were .'taken from a specimen in the U. S. N a-
tional Museurrl, but it is not a large individual and allowances 
must be made for this. These measurements will not usually 
enable one to distinguish .Cervalces from Alces, but they will 
help to distinguish both from any other ruininant likely to be 
found in the region. When ~xamined in detail many of the 
bones of Cervalces scotti differ from the corresponding ones 
of Akes americanus, but these differences cannot be given 
here. 
Aloes shimeki, new species. 
The type of this species consists of a part of the left ramus 
o'f the lower jaw containing three teeth. These 'are the last 
premolar and the anterior two molars. The first molar has a 
part <;>f its inner wall missing, but the other teeth are unin-
jured and in a medium stage of wear. The specimen ·was · 
found in the Cox pit at Missouri Valley,,IIarrison county, and 
was mentioned by Calvin in his second paper on the Aftonian 
fauna (Bull. Geol. Soc. Amer., Vol. XXII, p. 211). The speci-
men bears the catalog number 249. The total length of the 
fragment is 93 mm. The height of the jaw at the front of pm'4 
is 38 mm.; the thickness, 20 mm. The height at the rear of 
m' 2 is 40 mm.; the thickness, 21 mm. The following are the 
measurements of the teeth present. 
MEASUREMENTS OF TEETH. 
Tooth 
Pm,., 
M.1 , 
M .• , 
Length 
19 mm. 
18 mm. 
2O.5mm. 
Width 
14 mm. 
lfi±mrn. 
17 mm. 
On comparing these teeth (PI. XXXI, fig. 8; pI. XXXII, fig. 3) 
with thOSe of the elk (Cer1lus canadensis) and those of the 
moose (Aloes amer~canus), they are found, t? resemble more 
closely those of the latter. It is found on ' comparing the· first 
and second molars of the . elk and of the moose, . that in the' lat-
ter these teeth have the width equal to about eighty per cent 
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of' the le~gth; while in the elk the width of the first Jmolar .. 
varies from sixty-seven per cellt to seventy-four · per cent; 
,that of the second molar, from sixty per· cent to sixty-four per 
cent.· In the fossil here described the widtp. of the first. molar 
is about eighty-three per cent of the length; the width of the 
second molar, ·eighty per. cent .of the length. In the · elk the 
plane of the inner . cusps, or cres'cents, is nearly parallel with 
the axis of the row of' teeth; while in the , moose the plane of 
each · inner cusp is directed strongly inward and backwar.d. In 
the fossil it is directed backward and 'inward; but not so dedd-
~ edly so as in Alces americanus. As a result, . the 'Styles in 
which the two inner cusps terminate posteriorly stand ou~ 
more promin·ently from. the face of the· tooth than in the elk. 
In the fossil, as in the moose, a: stalagmlte-like column arises 
from the bas"e of the tooth in the bottom of the outflr valley be-
tween the two lobes of the two lliolars. These are not · so well 
developed in the elk. 
If we base an estimate on the relative sizes of the : t.eeth of 
the -two species the fossil moose here, described had about three- . 
fourths the height of the American mooSJl. 
This species is named in honor of Prof. Bohumil Shimek, of 
the University of Iowa, who .has done so much to increase our 
knowledge of t~e loess deposits of the· Mississippi .valley. 
From the Pleistocene of Whitman county, Washington, Pro-
fessor Oope described (Amer. NDturalist, Vol. XXIII, pp. 162, 
163, Feb.) two species of Alces, A. brevitrabalis and A. semi-
palmatus.These were based on antlers only, and it is there-
fore impossible. to say what are their relationship to the spe-
cies here described. In case that the fossil jaw found in Iowa 
. shall be found to belong to one or · the other · of Oope's spe-
cies, a result which is not probable, it will be easy to relegate 
.. the name A. shimeki to synonomy. 
Genus RANGIFER Frisch. 
Antlers present in both sexes of most species; placed nearer 
the occipital crest than to the orbits; more or less pl\lmated, 
and furpish~d with brow tine; the brow tines of the :two s.ides,; 
usually unlike, one large and directed in ftont of the face. A 
~ .. . 
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bez, or second, tine present. Shaft of antler at middle .·of 
length · bent forward and ending in a snagged palmation. 
Lower , tines on front ,of shaft; the upper ones on its hinder 
border. Oanine teeth present: Rather heavily built a,nimals. 
Fossil remains of one or more species of caribou have been 
reported from many parts o,f North America, usually under 
the name Rangifer tarandus (which name properly belongs 
only to an Old World spec~es) or the ' name R. caribou, the 
Barren Ground Oaribou Of the colder parts of North America. 
Such remains have been found in o.onnec~icut, New Y<ork, On-
tario (Oanada), New Jersey, Pennsylvania, Kentucky, Iowa, 
Nevada, Yukon, and Alaska. Inasmuch as the ' caribous of 
North America -have been shown to belong to about eight spe-
, cies, it is not at all improbable tbat the fossil , remains do not 
all belong to R. caribou; perhaps none of them. Indeed, it is 
quite certain that the bones and teeth found long ago at Mus-
catine, Iowa; belong to what is now an extinct species. 
As to the age of the caribou remains found in the United 
States we cannot always be certain. Some of them undqubt-
edly belonged to Wisconsin or post-Wisconsin times. The 
scanty remains found at Toronto probably lived at some time 
between the Illinoian and the Wisconsin glacial stages. The 
same may be true of the Muscatine jaws and pieces of ant-
lers. ' Other remains ,are quite certainly post-Wisconsin in age. 
It is rather remarkable that more numerous remains of tbis 
genus have not been found in the northern portion of the United 
. States. During the' Wisconsin stage and after' the retreat of its 
ice-sheet there must have been a long period when the climate 
was favorable for ' the existence of these animals. Most fre-
quently, perhaps it is the antlers ,that have been preserved; and 
doubtless they have often been mistaken for those of the elk or 
deer and not regarded as worth saving. Nevertheless, their 
remains seem not to be so abundant as those of the musk-oxen, 
the elk, or the giant beaver (Castoroides). 
Inasmuch as Dones belonging to members of the genus are 
likely to be found anywhere in the state, it is tl;1ought to be 
advisable to d'escribe somewhat briefly the most important parts 
of the skeleton of some of the living species, in order that such 
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bo'nes, teeth, and antlers may be distinguished from those of ' 
related animals. 
The form usually assumed by the antlers is illustrated by 
figure 94. This figure, taken from Baird's Mammals of North 
America, shows two antlers of the right side. The one in front 
Fig. 94. Rangifer arcticus. Two antle'rs, seen from the side. , The near one that of 
a male; the other probably of the female. The nose is directed toward 
the left. 
belonged to a male and presents the palmated brow tine; the 
other, supposed to have belonged to a female, has the brow tine 
verT>' short. There is much varia'tion in the tines according to 
species, sex, and age. , ' , 
The following measurements of the skull are taken from a 
specimen which was secured near Great Slave Lake, Manitoba, 
and is identified by Mr. N. H. Ilollister, as Rangifer arcticus 
arcticus: ' , 
MEASUREMENTS OF THE SKULL. 
Length of skull from rear of occipital condyles to front of pre-
,maxillae __________________________________________ , _______ ,._____ 390 mID. 
Length of skull from lower border of foramen magnum to front 
, . of premaxillae _________________ ~_______________________________ 365 mm. 
From front of posterior nares to front of premaxillae____________ 250 mID. 
From front of palatine, at midline, to front of premaxillae______ 183 mID. 
From middle of line joining fronts of pm!, to front of premaxillae 136 mm. 
From middle o~ .occipital crest to line, joining rear of orbits______ 120 mni. 
From front of premaxillae to line joining rear of orbits__________ 290 ' mID. 
Width oJ skull, just above ear-openings____________________________ 138 mID. 
Width of skull, at rear of orbits _________________________ ~:. _::. ______ ,170 mID. . 
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Width of skull, on maxillary ridge at maxillo-malar suture ___ __ _ 117 mm. Width of skull, at front of the maxillae _________ _________________ _ 77 mm. 
From front of nasals, at midline, to front of premaxillae ____ ___ _ 122 mm. 
Length of lower jaw from incisive border to rear of condyles, in straight line __________________________________________________ _ 332 mm. 
Le.Qgth of lower jaw from incisive border to front of pm .• _-' ___ _ 125 mm. Depth. of lower Jaw at front of m.l _______________________________ _ 36 mm. 
The measurements in the first column are from the skull de-
scribed above; those in the second coh~mn are taken from a 
specimen of Rwngifer caribou sylvest,ris, from ManitoQa, '3, 
larger species. 
. MEASUREMENTS OF THE TEETH. 
' Upper Teeth 
Length of premolar·molar series ______________________ _ 
Length of premolar series ____________________ ~ ________ _ 
Length of molar series ________________ ;-_______________ _ 
Pm. 2, length ___________________________________________ _ 
width ___________________________________________ _ 
Pm.", length 
width 
Fm.·, length __________________________________ ~---------
M,l, 
width 
length 
width 
M.', length · ___________ ~--------------------------------width _________ ~ ____________________________ ~ ____ _ 
M.', length _______________ _______________________ . __ __ _ width __________________ ~ ________________________ _ 
Lower Teeth 
Length of premolar-molar series ___ :.. __________________ _ 
Length of premolar series _____________________________ _ 
Length of molar series ______________ ..: ________ ~ ___ ~ _____ _ 
Pm,., length 
width 
Pm." length 
width 
Pm .• , length 
width 
length 
width 
- - - ---------------------.- ----~---- - ----7"'----
M .• , length _________________________________ ______ ~ ___ _ 
width ____________ .______ ._~ _______ ~ ____ ~_~ _______ _ 
length 
width 
[ Rangifer 
arcticus 
93 mm. 
43 mm, 
51 mm' 
13.5mm. 
14.5mm. 
14 mm. 
15 mm. 
14 mm. 
16 mm. 
15 mm. 
15 mm. 
17 mm. 
17.5mm. 
17 mm. 
16:5mm. 
101 mm. 
44 mm. 
58 mm. 
11.5mm. 
7 mm. 
15 mm. 
9 mm' 
16.5mm. 
10.5mm. 
16 mm. 
10 mm. 
19 mm. 
12 mm. 
23 mm. 
11 Dlln. 
. [ R. caribou 
sylvestris 
106 mm. 
49 mm. 
59 mm. 
18.5mm. 
15.5mm. 
17 mm. 
16 mm. , 
17 mm. 
16 mm. 
19 mm. 
16 mm. 
20 mm. 
16.5mm. 
20 mm. 
16 mm. 
108 mm. 
45 mm' 64 mm. 
11 mm. 
8 mm. 
18 mm. 
. 10 mm. 
18 mm. 
11.5mm. 
20 mm. · 
11 mm. 
2() mm. 
11.5mm. 
24 mm. 
12 mm. 
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. The skull of the caribou. differs from that of the elk in· being 
co:i::J.sider~bly smaller, but relatively wider. ,The widest place at 
the orbits is not immediately at the rear, but at the suture across 
the post-orbital bar, which is itself much wider than in the elk. ' 
The orbits project more than in, the elk. The nasal bones are 
much more expanded in the hillder half, and the ascending 
processe's of the premaxillre are much narrower than those of 
the elk. The latter bones do not come in contact with the nasals, 
but are separated from them by an accessory bone not found in 
other deer. ' The ante~ior nasal opening in the skull is about , 
~ equal in length to the nasal bones; whereas, in the elk, it is 
much shorter than the nasals. rr'he teeth of the caribous are 
much smaller than those of the elk, as may be seen on compar-
ing the measurements. ' 
The structure of the cheek-teeth, when they become well worn 
down, may be ,seen from the illuRtration of those of Rangifer 
muscatinensisjPl. XXXIII, figs. 1, 2). The upper true ~olars 
are composed of two lobes, an £Interior and a posterior; and 
, each of these of two crescents, an outer and an inner. In their 
early condition each crescent forms a sharp cusp; while be-
tween the crescents of each lobe there is a deep unfilled cleft. 
On the inner face of the tooth there is a valley between the 
two lobes; on the outer, there ' are five descending folds of 
enamel, the styles. One of these is at the anterior outer angle 
of the tooth; another between tte anterior and the posterior 
outer crescents; another at the hinder outer angle of the tooth. 
Down the middle of each of the outer cusps there runs a style, 
of which the hinder one is a little elevated. The premolars are 
composed of an outer and an inner crescent, or cusp, between 
which cusps is a deep cleft. The inner faces of these premolars 
are convex, while the outer faces are furnish~d with three con-
*, spicuous styles. ' 
The lower true molars are thinne~ and more compressed· teeth 
tharr the corresponding upper teeth. Each has its two lobes, 
each with two cusps, or crescents. In additiop., the hinder 
molar has a small hinder third lobe, the talon, or heel. In these 
teeth the outer face has the valley between the lobes, 'w1;tile -the 
five styles are on .the inner face , Unlike the upper premolars, 
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. , 
the lower' premolars, especially the two hinder ones, have nearly 
the same structure as, the molars. The h~nder lobe is, however, 
not yet completely developed. 
As th~ teeth become worn down, the cusps become inflated 
and the crescent structure becomes more conspicuous. The 
whole surface of the tooth may lie at nearly the same level, the 
lines of enamel rising a little above the 'softer dentine. 
The bones of the limbs of the reindeer ' are relatively 'shorter 
and thicker tha.n in I the other doer. The following measure-
ments have been taken from an imperfect skeleton, No.; 4176, in 
the U. S. National Museum: 
MEASUREMENTS OF BONES OF CARIBOU. 
Scapula, length parallel with the spine ________ .:.___________________ 280 InIil. 
Sc'apula, width across the dorsal border ___________________________ 175 mID. 
Humerus, total length _____________________________________________ 256 mID. 
Humerus, length from upper surface of the head__________________ 236 mID. 
Humerus, from rear of head to the front of the bone ______________ · 71 mID. 
Humerus, diameter at middle of length, fore and aft-___________ 28 mID. 
Humerus, diameter at middle of length, side to side____________ 23 mm. 
Humerus, diameter at the lower end, side to side, greatest-_____ 51 mID. 
Humerus, diameter at the lower end, fore and aft, greatest-_____ 52 mID. 
Ulna. total length, in a straight line ___________________________ _ 330 mm. Ulna, depth of olecranon process ___________________ ______________ _ 43 mID. 
Radius" total length ____________ ' _________________________________ _ 280 mID. Radius. width of the upper articulation _________________________ _ 47 mID'. 
Radius, width at the middle of the length ________________________ _ 26 mID. Radius, width of the low,er articulation _________________________ _ 41 mID. 
Femur, total length ___ , _________________________ ~ _______ ~ __________ _ 
Femur, dlameter, through head to outer side of , the bone_'-_____ _ 
300 mID. 
78 mm. 
Femur, diameter at middle of length, fore and aft _______________ _ 25 mID. 
Femur, diameter at middle of length, side to side ________________ ' 23 mm. 
Femur, diameter across condyles, side to side ___________________ _ 
Femur, diameter ,across inner condyle, fore and aft _____________ _ 63 mID. 80 mID. 
Tibia, total length _______________________________________________ _ 325 mID. Tibia, diameter at upper end, side to side ___ ~ ___________________ _ 
Tibia, diameter at middle of length, fore and aft __________ :._' ____ _ 72 mID. 22 mID. 
Tibia, diameter at middle of length, side to side _________________ _ 27 mID. 
Rangiter muscatinensis Leidy. 
The speeies here described is based on a portion of a left 
upper 'jaw c·ont.aining aU tlie premolars and molars in good con-
dition; a part of a left ramus of the lower jaw' with tp.e second 
premolar, the first molar and 'third molar represented by little 
more than the roots, and with the third and fourtp. premolars 
. , 
. I 
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and the second molar in good condition; and an uricharac~eristic 
fragment of bone, probably a metapodial. These were' found at 
some time hefore. 1878, in what was supposed to be loess, in the 
city of Muscatine, Iowa, .by Prof. F. M. Witter. These were 
sent to Dr. Joseph Leidy, at Philadelphia, who '(Pl'oc. Acad. 
Nat . . Sci. Phila., 1879,' p. 32) described the bones under the 
name of Rangifer caribou, being advlsed to do this by Dr . 
. E,lliott ·.Coues, of Washi,ngton, .to whom poctor L.eid~ had ap-
plied for comparison of the fossil bones with those of the wood-
land caribou. Doctor Leidy uot-es Doctor Coues as foll~ws: 
"I think you may -safely announce Rangifer caribou from the 
loess of Iowa." On May 24, 1878, Professor Witter read, be-
fore a meeting of the Iowa Academy, a communication on "Some 
geological features near Muscatine," ip. which he stated: " AI- . 
most the entire remains of Rangiter caribou, as identified by . 
Dr. Joseph Leidy, were taken from the loess." This was not 
published until some time in 1880 (Proc. Iowa Acad. Sci., 1875-
1880, p. 16). In his description of 1880 Leidy mentions other 
bones which were too much . decomposed for preservation. 
At the close of the description just mentioned, Leidy makes 
this statement: "The fossil remains of the deer, at first sup-
posed to belong to an extinct species, for which the name Cervus· 
muscatinensis was suggested, were discovered in grading a 
. street in the city of Muscatine." It appears quite necessary t~ 
believe that the deer here referIed to was the one Leidy had 
just described as Rang.iter caribou; McGee (Amer. Jour. Sci., 
Vol. XXXIV, 1887, p. 218) so understood Leidy's use of the 
name. Leidy did not accept the name himself, nor did he' state 
who had suggested it. It .could, however, hardly have ' been 
anyone else than Professor Witter himself. Inasmuch, how-
ever, as this is nbt certain, and as the name occurs in Doctor 
Leidy's paper, it seems necessary to credit it to him. 
The jaws forming the type belong quite certainly to one indi-
vidual and Leidy ·seems to have regarded them thus. They be-
longed to an animal, as stated by Leidy, which was past ma-
turity: The grinding surfaces huve, therefore, nearly reached 
the widest part of ' the tooth. The most . obvious charac-
ter belonging to them is that already noted by Leidy, the rela-
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tively great size of the premolars. The following are the meas-
urements which the teeth have ' furnished the writer. These 
are to be compared with the measurements furnished on page 
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MEASUREMENTS OF TEETH. 
Upper Teeth. Lower Teeth. 
Length of premolar-molar Length of premolar-molar 
series 
----------------
98 Ill.IQ. series, abeut _______ ~ __ 104 mm. 
Length of premolar series 49 mm. Length of premolar series 48 ·mm. 
Length of molar series __ 52 nun. Length of molar series, 
about ___ -------------- . 56 mm. 
Pm.', length 
-------------
16.5mm. Pm .• , length, about 
------
13.5mm. 
width 
-------------
17 mm. width, about ------ 7 mm. 
Pm.', length 
-------------
16 mm. Pm .• , length 
-------------
16.5mm: 
width 
-------------
18 mm. width 
--------------
12 mm. 
Pm.', length 
-------------
16 mm. Pm .• , length 
-------------
'18 mm. 
width 
-------------
17 mm. width __________ ~--- 13.5mm. 
M.', length 
-------------
17 mm. M.
" 
length 
-------------
17 mm. 
width 
-------------
17 mm. width ______________ 12.5mm. 
M.', length 
---'---------- 18 mm. M .• , length ------------- 20 mm. 
width 
-------------
18 mm. width ______________ 13 mm. 
M.", length 
-------------
19 mm. M .•. length 
------------- -----------
width 
--------------
17 mm. width 
-------------- -----------
On comparing the measurements of the teeth of Rangifer 
muscatinensis with those of Rangifer arcticus, the barren 
ground caribou, it will be seen · that those of the latter, both 
upper and lower, are uniformly smaller. Especially are the 
lower teeth narrower than they are in the fossil. On compar-
ing the teeth of the fossil species with those of R. caribou 
sylvestris, it is observed that the ~atter, too, has relatively large 
upper premolars. In these tb,e length of the teeth, in both pre-
molars and molars, exceeds that of R. muscatinensis, while the 
width is less. This gives them a very different form. The 
same statement is true regarding the lower teeth. The teeth 
of R . muscatinensismay then be said to be characterized, with 
respect to the living species mentioned, . by their relatively 
great ,breadth. 
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RaniJifer j.ortidens, a very large caribou described by Hollis- ' 
ter (Smiths . . Misc. Coll., .Vol. LVI, No. 35, p. 3, pI. i, figs, 1; 1a) 
from Alberta, British America, has correspondingly . large 
teeth. The premolars measure, however, only 52 mm., while the 
molars measure 62 mm. The individual upper premolars are 
hardly longer than those of R. muscatinensis and not wider. 
The molars, on the other hand, are considerably longer, but 
hardly wider .. 'The hinder outer cusp (hypoconid) of the lower 
teeth· of R. musca.tinensis does not appear to have been cut off 
so much from the rest of the tooth as it is in·R. fo·rtidens. 
. . 
Rangifer osborni, from British Columbia, has broad pre-
molars, but they are much shorter than those of the fossil here 
described. 
The writer believes that the remains on which the name R. 
muscatinensis is bestowed belonged to a species distinct from 
any now living; but, of cou~se, it was closely related to them. 
The 'writer has received from . Professor J. L. Tilton a first 
dorsal vertebra and a part of a lower jaw, with the penultimate 
molar, of this species. It was found in a gravel pit at Avon. 
The following, being portions of antlers only, can be referred 
provisionally to the species just described. . 
In the possession of Prof. B. :Shimek, at the University of 
Iowa, is a fragment of a caribou antler, which had been col- ' 
lected at Muscatine by Prof. F. M. Witter and presented by 
him to Professor Shimek. This is said to have been found i~ 
the loess at Neibert's brickyard, near Woodlawn and Orange 
streets. Shimek, however, do·es not think that it was found in 
the loess. For his statement regarding this see page 34. 
This sp,ecimen is represented on plate· XXXIII, .fi~re 3. 
The length of the fragment is 135 mm.; from the base to the 
fork above the tine is 67 mm.;. the diameter ·of the tine is 23 
mm. 
The number 352 of the collection at the University of Iowa, 
is given to the 'base . of a caribou antler which was found in 
post-Ka;nsan deposits at Correctionville, Woodbury county, 
Iowa. This is illustrated. on plate XXXII, figure 4. The length 
of the fragment is 270 mm. Immediately above the hardly per-
~ . 
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ceptible .burr there was given off a tine and at a distance of 
125 mm. above the burr a second tine was direc~ed forward. 
Between the two tines the fore and aft diameter is 34 rum.; the 
transverse, 28 mm. At the distal end of the fragment the diam-
eters are 38 mm. and 30 mm. 
Specimen No. 351 of the Iowa State collection is from the 
same deposit at Oorrection~lle. It belonged to the distal part 
of the antler. The main stem (PI. XXXII, fig. 5) has a length 
of 247 mm., in a straight line. The two tines are given off on · 
the hinder border of .the ·shaft. Of the lower one there remains 
about 80 , mm.; of the upper one, about 150 mm. The anterior 
border of -the shaft is rounded, seeming thus to . differ from 
that of the living caribou. Half-way between the two· tines the 
diameters of the shaft are ' 58 rum. and 26 mm. 
IIi the collection at the University of Iowa, is a considerable 
part of a caribou antler attached to a part of the left side of 
the skull. This sp'ecimen bears the number 108. Unfortunately, 
as too often happens in most collections, no record was ever 
made of the discovery and no label attached to the specimen. 
Now, with the finder probably dead, there appears to be no 
means for determining where it was found or under what cir-
cumstances. In all probability it was found so~ewhere in Iowa. 
The ,length of'the antler (PI. 'XXXIII, fig. 4), froni ,the base 
to the. broken tip, is .507 mm. At. the base is given 'off a tine ' 
whose diamet~rs are 34 mm. and 28 rom. ,Only 45 mm. in length 
of it remains. At a distance of 105 rum. above the base there is 
a second tine whose transverse diameter is 26 mm. Half-way 
between the two tines the diameters of the shaft are 35 mm. 
and 40 mm. At the distal end of the shaft the hinder border 
thins to a sharp edge and ther'e was doubtless situated there a 
third tine. Here, too, the shaft began to turn forward. 
Family Bovidae. 
Pronghorn, Sheep, G<;>ats., Antelopes, Musk-oxen, Oxen. 
Metacarpals and metatarsals of the second and fifth .digits 
rarely present · as separate elements; bu,t the extremities of 
these digits usually present and furnished Witli small hoofs. 
I 
,. 
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Third arid foi1rth metacarpals consolidated into a single cannon-
bone; as are likewise the third and fourth metatarsals. Males 
and usually, too, the females furnished with horns, which are 
. outgrowths from the frontal bones and which are, except in the 
gj.raffes, covered with the corneous sp.eath. This sheath per-
sistent, except in the Antilocapra, . Teeth, i. t , c. t , pm. i , m. i . . 
The cheek-teeth usually high-crowned and with small or mod-
erate roots. 
The earliest known relatives of this widely distributed 'and 
numerously represente9. family are found in the Lower Miocene. 
Antelopes, sheep, and oxen all existed in the ' Pliocene' and 
abol,lnded during the Pleistocene. So far as known, nont;! of the 
family has ever reached Australia or South America, except 
through the agency of man. 
Subfamily ANTIlOCAPIlINAE. 
Parietal bone forming a large part of the roof of the skull; 
frontals each bearing a large, solid, compressed horn-core; 
horn-sheaths shed annually; lachrymal bone large, bounding the 
antorbital vacuity; teeth with high crowns; feet with dew-
, cla~s. ' ' 
, The only genus known to belong to the subfamily is Antilo-
capra, the pronghorn of the plains region west of Missouri 
river. This animal has usually been regarded as the represen-
tative of a distinct family, the Antilocapridre; but at least as 
early in 1904 Max Weber (Die Saugetiere, p. 681) recognized 
its closer relationship to the antE-lopes and the oxen, and em-
ployed the subfamily name Antilocaprinre. ' Also, in 1908, 
Marcus ,Lyon (Proc. :u. S. Nat. Mus., Vol. XXXIV, p. 398) ex-
pressed the opinion that the plac1ng of this animal as the rep-
resentative of a family on an equality with the Oervidre and 
the Bovidre is unnatural; and he refers to Oope's expression-
of opinion in 1888 that the shedding of th'e horns, even if nor-
mal, did not furnish a character of sufficient value to justify its 
separation, as a distinct family, from the Bovidre. The shed-
ding of the horn-sheaths each year, now known to occur 'in ·the 
pronghor:q., probably represen.ts a physiological feature which 
w~s common among the ~arly hollow-horned ruminants. 
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Genus ANTILOCAPRA Ord. 
Horn-cores .straight, compressed., diverging; horn-sheaths re-
curved at the tips and furnished below and in front with a 
short anteriorly directed prong.. ' . 
Only a: single species of this genus is known, Antilocapra 
americana, the pronghorned antelope. 
Antilocapra americana Ord. 
This animal, once very abundant from Missouri river to the 
Cascade range and from northern Mexico to Saskatchewan 
river, is now much reduced in numbers and range . . It ~s de-
. scribed by Baird as having a body somewhat larger than that 
of a sheep, with longer legs and a longer and more ereCt neck, 
thus having a greater height than the sheep. 
This interesting animal is included here because J. A. Allen, 
in a paper in 1876 (Amer. Jour. Sci., ser. 3, Vol. XI, p. 48), 
stated that in the collection of vertebrate remains made by J. D. 
Whitney, in the lead region of Wisconsin, Iowa, and Illinois, he 
had found a part of a radius which did not differ appreciably 
from that of Antilocapra americana. It is not known in which 
of the three states mentioned above the bone was found; but 
the fact is indicated that this animal oneeroamed' as far east 
as Mississippi river or beyond it, and that its remains are likely 
to be found almost a,nywhere in Iowa. As to the time when 1his 
animal occupied the region indieuted, . we only know that most 
of the animals found in the lead Inines belonged to y~t living 
speCIes. They are, ther.efore, presumably of post-Wisconsin 
time. . ' 
In order that the bones and teeth of this ,animal may be recog-
. nized when found, a series of measurements have been made on 
skeletons in the National Museum. Those of the skull and teeth 
o are taken from No. 37088, a male, found in New Mexico. The 
remaining measurements are from No. 22659. 
MEASUREMENTS OF THE SKULL OF PRONGHORN. 
Length from front of forame~ magnUm to front of premaxillae__ 255 rom. 
Length from fro'nt of foramen magnum to front of pm! ________ 160 rom. 
T.ength from front of foramen magnum to front of hinder nares;_ 82 rom. 
Distance from rear of occipital crest to front of premaxillae____ 290 rom. 
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- Distance from rear of occipital crest to line jo.ining rear of orbits_ 80 rom. 
Distance from front of premaxillae to line joining rear of orbits __ 223 rom. 
Width-at the rear of orbits _____________________ :. ______ -.;--------__ 144 mID. 
Width of face at front of m.· ___________________ ~__________________ 75 rom. 
Width of face above pm.' _________________________ ~________________ 55 rom. 
Width of palate at m. · __ ~ _______________ ~-----------------.--------- 50 rom. Width of palate at pm! ______________________ -,_____________________ 33 -rom. 
Diameter of orbit __________________________________________________ 48 rom. 
From outside to outside of bases o~ horn-~ores-------------------- 112 rom. Distance between extremities of horn-cores ________________________ 175 rom. 
Length of horn-cores ______________________________________________ 310 rom. 
Greatest width of horn-cores _______________________________________ 52 rom. 
Greatest thickness of horn-cores-, ______________________ ~----------- f!5 rom. 
MEASUREMENTS OF THE TEETH. 
I 
Upper Teeth. Lower Teeth. 
Length, premolar-moiar _ Length, premolar-molar 
series 
------------
67 rom. . series 
-----------------
71 rom. 
Length, premolar series_ 26 mm. Length, premolar series __ 27 rom. 
Length, molar series 
----
42 rom. Length, molar series 
---- 46 rom. 
PIn.', length 
-------------
7 rom. Pm .• , length 
-------------
.7.5mm. width ______________ 5 rom. width ______________ 4 rom. 
I 
Pm .• , -length 
-------------
7.5mm. Pm .• , length 
-------------
9 rom. width ____ ~ _________ 6 rom. width ____ ____ ______ 5 mm. -
Pm.', length 
-------------
8 rom. Pm .• , length 
-------------
10 rom. width ______________ 7 rom. • width _______ .,. ______ 5 rom. 
M.", length 
-------------
12 rom. M.l, length 
-------------
11 rom. width ______________ 8.5rom. width ~ _____________ 6 rom. 
M.', length 
-------------
13 mm. M .• , length 
-------------
13 rom. 
width ___________ ~ _ _' 9.5rom. width _ 
------------
7 rom. 
M.·, length 
-------------
17 mm. M .• , length 
-------------
21.5mm. width ______________ 9.5rom. width _______ ~ ______ 7.5rom. 
The upper teeth (PI. XXXIII, fig. 5; pI. XXXIV, fig. 3) 
are characterized by their high crowns and by their prominent 
anterior and median outer styles. The inner faces :of. th!e 
molars have no accessory columns and no cingula. The lower 
\ . . 
-molars (PI. XXXIII, fig. 6) are nearly fiat on their inner faces _; -
and there are no accessory columns in the valley between the 
front and hind_er lobe. The lower premolars are really more 
sculptured ,On their ~ner and o"!lter faces than are th~ molars . 
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MEASUREMENTS OF SKELETON. 
Atlas, width behind ______ ~ _______________________________________ _ 
Atlas, width fore and aft, near border ___________________________ _ 
Axis, from front c;>f odontoid process to rear of centrum _______ _ Axis, width of front end, side to side ___________________________ _ 
Axis, height, near hinder end _________ ~ __________________________ _ 
, . 
Lower jaw, length from inCisive porder to rear of condyle _______ _ 
Lower jaw, depth at front of m,--___ -:- ___ :-_______ ,. ________________ _ 
Scapula, length parallel with spine _____________________________ _ 
Scapula, width at dorsal border --------~---------------------.:--
IIumerus, length. total _________________________________ ~ _________ _ 
IIumerus, length from head to inner condyle ______ ~ ____________ _ 
IIumerus, diameter through head to front of bone~ ______________ _ 
IIumerus, diameter at middle of length, fore and aft _________ _ 
IIumerus, diameter at middle of length, side to side ___________ _ 
IIumerus, diameter of distal end, side to side ___________________ _ 
Ulna, greatest length _____________________________________________ _ 
Ulna, depth of olecranon process _. ___________________ .: __________ :-__ 
Radius, total length ____ :. ___________________ ~ _____________________ _ 
Radius, width at upper articulation ______________________________ _ 
Radius, diameter at middle of length, fore and aft _________ · ____ _ 
Radius, diameter at middle of length, side to side _______________ _ 
Anterior cannon-bone, total length ______________________________ _ 
Anterior cannon-bone, width at upper end ________________ :. ______ _ 
Anterior cannon-bone, diameter at middle of length, fore and aft 
Anterior cannon-bone, diameter at middle of length, side to side_ 
Anterior cannon-bone, diameter across lower end, side to side ___ _ 
Pelvis, total length _______________________________________________ _ 
Pelvis, from middle of acetabulum to rear of ischium ___________ _ 
Pelvis; diameter at front of acetabulum _----------------.:----...:---
Femur, total length ________________________________________ :. _____ _ 
1!'emur,' diameter through head to outer side of the tuberosity ___ _ 
Femur, diameter at middle of length, fore and aft _______________ _ 
Femur, diameter at middle of length, si!ie to side _______________ _ 
Femur, diameter across condyles, side to side ____________ :. ______ _ 
Femur, diameter, fore and aft, on inner side of lower end _______ _ 
Tibia, total length _______________________________________________ _ 
Tibia, width of upper end _______________________________________ _ 
Tibia, diameter at middle of length, fore and afL ______________ _ 
, Tibia, diameter at middle of length" side to side ______________ .:. __ _ 
Tibia, diameter of lower end, side to side _____________ :.. ___________ _ 
Hinder cannon-bone, total length _____________________________ ..: __ _ 
IIinder cannon-bone, width of upper end _______________________ _ 
IIinder cannon-bone, diameter at middle of length, fore and aft __ 
IIinder cannon-bone, diameter at middle of ' length, side to side __ 
IIinder cannon-bone, diameter at lower end, side to side __ ~ ______ _ 
Astragulus, total length ______ .:. _________________________________ '-__ 
Astragulus, greatest width ___________ ~ ________________________ ~ __ _ 
Calcaneum, total length __________________________________________ _ 
75 mm. 
67 mpl. 
91 mm. 
45 mm. 
49 mm. 
238 mm. 
31 mm. 
190 mm. 
117 mm. 
202 mm. 
186 mm. 
56 mm. 
26 mm. 
20 mm. 
39 min. 
260 mm. 
27 mm. 
218 mm. 
36 mm. 
13 mm. 
21 mm. 
222 mm. 
30 mm. 
14 IDUl. 
16.5mm. 
30 mm. 
227 mm. 
110 mm. 
124 mm. 
242 mm. 
60' mm. 
21 mm. 
20 mm. 
49 mm. 
66 mm. 
282 mm. 
50 mm. 
18 mm. 
· 21 mm. 
33 mm. 
238 mm. 
26 mm. 
17 mm. 
16 mm. 
30 mIn. 
39 n:un. 
22 mm. 
78 mm. 
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Su~fami1y CAPIlINAE. 
The Sheep and Goats. 
Genus AFTONIUS Hay. 
Frontal bones furnished with large sinuses at the base of the 
horn-cores; the latter compressed laterally, but without definite 
keel" in front; strongly curved backwards; straightening near 
distal end and then directed somewhat inward. Type, the spe-
cies described below. 
Aftonius calvini Hay. 
This species is based on two horn-cores and attached por-
tions' of the frontal bones supporting them, the two cores hav-
ing evidently belonged to the same individual (PI. XXXIV, figs. 
4,5). These were discovered in the Cox gravel pit, at Missouri 
Valley, Harrison county. They were mentioned by Calvin in 
1908 and one of them, the left, was figured (Bull. GeoI. Soc . 
Amer., Vol. XX, p. 350, pI. xxiii, :e.g. 1). Calvin did not attempt 
to determinetlie relationship of the animal. The species was 
described and named by the present writer in 1913 (Proc. BioI. 
Soc. Washington, VoI'. XXVI, p. 6). . 
While the two frontal bones do not fit together at any point; 
it is evident that extremely little hone is missing between them. 
Nevertheless, the lack of this connection leaves it doubtful as 
fo the exact relation of the two horns to each other. There can . 
be no doubt that they were joined as they lay in the gravel 
from which they were exhumed. 
Each of the masses displays a portion of the brain-case; that 
of the left side showing a surface about 55 IDm. square, with 
depressions for_ convolutions of the brain, that of the right side 
a surface 50 IDm' by 30 mm. The ho~n-cores stood on a con-
siderable pedicel. The portion of the. frontal around and be-
neath this pedicel is occupied by large air-sinuses. One of these, 
in front of thB pedestal, is 55 mm. wide and 50 mID. high. The 
pep-icel itself is occupied by a ,sin,us and this extends a short 
distance into the horn-core. 
When the two portions of the specimen have been brought as . 
clos.ely togetheT as p~rmissible (PI. XXXIV, fig~ 4), there is 
evidence that the brain case had a width of at least 120 mm.; 
while the width of the skull at the base of the pedicels was at 
,. , 
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least 150 mm. . The aIiimal must therefore have been mqch 
l.arger than the domestic goat. The brain seems ' ,to have been 
as large as that of a bison~ 
The most striking, feature found in the horn-,cores is their 
curvature. In the goats and sheep the curve of the horn is 
usually a very regular one, the radius of curvature shortening 
toward the distal end; and this end, is usually directed outward. 
In the horn-cbres here described, as shown by the left on~, the 
curve ,is abrupt at the base, while toward the eX,tremity it is 
pJ.ore open; so that the ' borders, upper and lower, as seen from 
without are straight. When the core is viewed from above, it 
is seen that the distal end is directed distinctly mesially . . 
. The following measurements have been taken: ' 
, :' ' ; 17""! 111 ___ ; 
Grea~est ext!;1nt between the extremities of the bone of the left SIde _______________________ ~ __________________ ------------.:______ 205 mm. 
Greatest diameter at base of horn-core __________________________ 75 mm. 
Diameter at right angles to this__________________________________ 57 mm. 
Greatest diameter 35 mm. from broken extremity of horn-core__ 51 mm. 
Diameter at right angles to this__________________________________ 40 mm. 
The mesial face of the horn-core is nearly flat, while the outer 
face is strongly convex (Fig. 95). In front the two faces pass 
rather abruptly into each other, but 
,without producing a keel. The 
hinder border is broad and flat. 
, At the base of the ;horn-core there 
is a row of 'large foramina, by 
which blood-vessels entered the in-
terior of the bone. The surface is ' 
rough with pits and with angular 
grooves for vessels, and on the 
hinder border these are especially 
large. On the pedicel there are like-
wise numerous grooves, but these 
are mostly straight and parallel and Fig. 95. Aftoniu8 caZvini. S'e~tion 
t b 'th th 't t th of horn-core at Its connec a ove WI e pI s a e base. X %.. The front 
b f th d 'th th of the core Is below, ase 0 e core an Wl e the outer face toward 
grooves of the surface. , the right. 
The writer regards it as quite certain that the relationships 
of this animal were with the goats, hut that it was sufficiently 
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" 
different fro.m any kno.wn to. co.nstitute a distinct genus. Fo.r 
ho.rn-co.res which sho.w similar hregularities o.f curvature o.ne 
must examine the species o.f antelo.pes which belo.ng to. the 
genus Bubalis. 
In the co.llectio.n at the University o.f Io.wa is a left . hinder 
canno.n-bo.ne which was, co.llected from the Ellio.tt pit, at Turin! 
Mo.no.na Co.unty. It has the catalo.g number 276'. ·It is illus- . 
trated o.n plate XXXIV, figs. 1. and 2. The fo.llo.wing are the. 
dimensio.ns o.f 'the bo.ne. The bone is in go.o.d co.nditio.n, except 
that it has been slightly wo.rn pro.bably by; running water. ,In 
• J parailel co.lumns are given the ' co.rrespo.nding . measurements 
o.f the salTIe bo.ne o.f the ibex and o.f the do.mestic sheep: 
MEASUREMENTS OF BONES. 
Dimensions Taken J Fossil 
Total length" ________________________________ 204 rom. 
Diameter at upper end, side to side__________ 38 rom. 
Diameter at middle of length, fore and aft 28 rom. 
Diameter at middle of length, side to side_ 23 rom. 
Diameter across the lower end, greatest____ 47 rom. 
Ibex " J Sheep 
132 rom. 
25 rom. 
14 mm. 
16 rom. 
31 rom. 
135 rom· 
19 rom. 
10 rom. 
10 rom. 
22 rom. 
In the upper two.-thirds o.f the shaft the right and left sides 
are flat and parallel with each o.ther. The fro.nt face is marked 
by a rather shallo.w lo.ngitudinal channel which o.ccupies abo.ut 
o.ne-third o.f the width of the faee. The anterio.r o.uter bo.rder 
o.f the bo.ne is ro.unded and stands o.ut in fro.nt o.f theanterio.r 
inner bo.rder. The channel melltio.ned is rather nearer the 
o.uter"bo.rder o.f the face. On the binder face is a channel, which 
in the upper two.-fifths o.f the bo.ne is bro.ader than tbe channel o.f 
the fro.nt face. In the lo.wer two.-fifths this channel disappears. 
The hinder inner bo.rder o.f the bo.ne· is mo.re pro.minent than 
the o.uter bo.rder; and thus "the "hinder face lo.oks backward and 
well o.utward. " A transverse sectio.n o.f the bo.ne taken at the 
middle o.f the length wo.uld be appro.ximately a trapezo.id who.se 
two. parallel sides wo.uld be greater than the two. o.thers. 
It is impo.ssible to. determine at present, the' animal to. which 
this bo.ne " belo.nged. It did no.t belo.ng to. Oreamno.s, which in-
cludes the Ro.cky "Mountain go.ats, in which the hinder canno.n- " 
19 
'. 
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bone if{ ' relatively ' much 'shorter and greatly flattened from 
,front to rear. It did not belong in all probability to the moose ' 
'Alces shimeki; for in the 'American moose this bone is rela-
tively more' elongated; besides this, it is the outer hinder border 
,of the shaft ' which is ' ,the ' more prominent, 'There are some 
close resemblances' between this fossil cannon-bone and the 
same bone in the musk-ox; bu.t, that of ' the . latter is a much 
,stouter bone and is 'especially wiaer across the distal articula-
tion. It could belong only to some related and probably unde-
scribed genus of musk-oxen, if to ,any of ~he subfamily. 
One naturally thinks of the animal just described, Aftoniu,s 
calvini, which occurs in the same general region and in the same 
deposit, the Aftonian. Inasmuc,h ,as Aftonius calvini is re-
garded as being related to the ' goats and the sheep, measure-
mimts of the corresponding bone in, the ibex, r-epresenting the 
goats,' and in the domestic sheep are presented alongside the 
me~surements of the fossil. A direct comparison of the meta-
tarsal of the sheep with the fossil shows that the two resemble 
each other very closely. Certainly the sheep bone is much 
smaller and relatively slenderer, but the faces and the borders 
seem to agree as closely as could be expected in two animals of 
,such different sizes. Estimates made show that the bone of 
the ibex has its proportions much more like those of the fossil 
than like those of the sheep; although the side-to-side ,diam~tet 
,at the middle of. th~ shaft is greater than the fore-and-aft, .dia"m-
,eter . . The details of the faces and the borders of the bone of 
,the ibex, do , not agree so closely with those of the fossil as do 
,those of the sheep; but there "is nothing .to exclude the . c~mclu­
'si0n that the fossil may have belonged ,to Aftonius calvini. It 
is therefore assigned , there provisionally. 
Subfam~ly OVIROVINAE. 
The Musk-oxen. 
Bovidre with the 'horn-cores rii:3ing dose behind the 'orbits and 
directed outward and more 'or Jess downward ' and ' Io'rward, 
~ri~ing. well in ffont , of the rear of the 'occipital crest. ,' p ,atietal 
,:bon'e forming a .considerable part of the upper surface of the 
·skull. Pre~axillre not' reaching the nasals. Teeth high-crowned. 
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These animals appear to have inhabited always the colder 
parts .of the northern hemisphere. Five genera are probably to 
be recognized: Preptoceras, Euceratherium, Symbos, Booth-. 
erium, and Ovibos, all of which are extinct, except the last. The 
first two are known only from the Pacific coast. -
Remains of both Ovibos and Symbos. ,occur in Iowa. No evi-
dences of the former existence here of Bootherium have come to 
light. Neveitheless, such evidences are likely to be discovered 
. at any .time, and for that reason and to show in what way it 
differs from the other genera, :Qgures of ,the type ,species, 
-Bootherium bombifrons, and a brief description are here given. 
Boat'heriu,m bombifrons is known only from a singie imper-
fect skull which was found early in the last century at · Big 
Bone Lick, Kentucky. It belonged to ' an ' animal considerably 
: smaller than the living musk-ox. J, A. Allen (Mem. Amer. Mus. 
Nat. Rlst., Vol. I, pI. iv, p. 211) regards it as having been that of 
an old: male. Two characters ,arfl conspicuous in this animal. 
Theone is that the horns did not, as they do in Ovibos and did 
in Symbos, encroach on the upper surface of the skull. As i'n 
the bisons and the oxen, the rough surface of the horn-cor~ 
.ceases at the base of the core and . forms a burr, thus leaving 
the ' space between the cores smooth. The other character is 
found in the fact that the part of the roof of the skull behind 
the h'orns makes a considera ble ~ngle with that in front. In 
Ovibos and ' Symbos the angle is small or not , present. In this 
respect · Bootherium resembles more the sheep and the goats. 
Both the characters mentioned are well illustrated by the figures. 
here presented (PI. XXXV). These have been taken from 
LeidY's :work on the Extinct Species of American Ox (Smithson. 
Contrib: Knowl., Vol. V, art. 3). Various authors have be-
lieved that . this skull had belonged to a female of Symbos cavi-
frons,brtt in 1905 (Smithson. Misc. 0011., Vol. XLVIII, p. 181) 
Osgood point~d out the important differences existing between, 
the two , spec~es and he made the species bombifrons 'the type 
of Boothe.rium, relegating cavifrons to the genus Symbos. 
Allen in ' the work . cited agree!3 that" the two species are gen· 
erically od,iffer€mt. 
' . ' 
. 1 
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The following measurements have been taken by the writer 
from the skull of Bootherium bO'Ynbifron~, now in the Academy 
of Natural Science. at Philadelphia: 
MEASUREMENTS OF SKULL. 
Length from occipital condyles to notch for the nasals _________ _ 263 mm. 
Length from occipital crest to notch for the nasals ____________ .:_ 240 I;Illll • 
. Height of the occipital crest above lower border of the occipital condyles _____________ ~ ________________________________________ _ 137 mm. Width of skull at the occipital crest _____ ..: _______________________ _ 117 mm. Width of . skull at the ear-opening ______ _ ______________________ _ 
Width of face at rear of the orbits __________________ ~ __________ _ 170 mm. 180 IDlil. Diameter of the orbit, fore and aft _____________ .: _______ :. _______ _ 80 mm. Circumference of base of horn-core ______________________________ _ 225 mm. Diameter of base of horn-core on plane of face ___________________ _ 7iJ mm. 
Diameter of base of horn-core at right angle to preceding _______ _ 
Length of horn-core along the upper curve _______________________ _ 67 mm. 225 mm. Distance· between tips of horn-cores _______________________________ _ 440 mm. Distance between bases of horn-cores ____________________________ _ 150 mm . 
. 
Fig. 96 Fig. 97 
Fig. 96. Bootherium bombifron8. Section of horn-core of the type: X% . Taken 
25 mm. from the base. Upper surface above, the front at the left. 
Fig. 97. [iymbo8 cavifrons. Sections of two horn-cores, taken nea; the base. X%. 
Outer section taken from the type of the species; the inner section 
from a specimen in Yale University. Front of . core above, upper sur-
face to. the right. . 
Figure 96 represents a section of the base of the horn-core 
\ of this species. It differs much from the sections of the horn-
cores of Symbos. 
Genus OVIBOS Blainville. 
Musk-oxen with horn-cores directed forward ' and strongly 
downward, close to the sides of the skull j . the bases broad and 
flat above and with the horn-supporting surface extending 
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nearly to the midline oftha forehead; leaving, however, a nar-
row space between them. Frontal region nearly straight from 
front to rear; face of moderate Jength; cheek-teeth with rather 
high ,crowns; in those of the upper , jaw the vacant crescent of 
each lobe sending out on its convex side one or more extensions; 
lower incisors and canines, small. , , 
At the present day this genus contains what , is regarded as a 
single species, although 'some of the subspecies have been 'de-
scribed as specifically distinct. This animal is kn<;>wn asO. 
moschatus, and is found along the . shores of the Arctic ocean 
east of the Mackenzie ,river, and in Grant Land and northern 
Greenland. In prehistori<1 times one or more species inhabited 
the" region extending from Great Britain across Europe to 
northern Asia and to Alaska and Yukon Territory. It seems 
probable that O. moschatushas only within a century or less 
disappeared from the latter two regions. From the Palisades 
of Yukon river there has been described the extinct species 
Ovibos yukonensis. 
Ovibos moschatus (Zimm.) 
Within historical times this species. has been found in the 
arctic regions of North America from the Mackenzie, on the 
lands and islands washed by the Arctic ocean, south to Hudson 
bay, n~rth to Grant Lan.d, and along the shores of the northern 
half of Greenland. Its. range has now become mu$ more re-
stricted . . It, or a species ~ot yet distinguished from it, was, 
during late Pleistocene times, forced southward by the Wis-
consin ice-sheet and again followed this as. it withdrew 'towards 
the Hudson bay region. 
The writer has knowledge · of four. specimens' of a ,musk-ox 
belonging to the genus Ovibos and at present not distinguish-
able from O. moschatus. One of these is now in the geological 
collection at the University of Ohio, at Oolumbus. This was 
found in 1894, by , W. A. McGinnis, at Youngstown, Ohio. T,he 
statement is made that it was discovered under sixty feet of 
gravel..( The horn-cores. had been eroded off to their very bases. 
, The writer has. photographs of a part of a TIlUsk-ox skull 
which is in the possession of Dr. Frederick Becker, of Olermont, 
, , 
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Iowa,and 'which wa's ,found in that region. ,'His 'son, Mr. A. G;, 
Becker, has kindly sent me photographs of it. It 'i:s described. 
, on page 297. ·It ·sMms' to belong to 'Ov'ibos 'moschatus. 
'A' 'third ' specimen" is in the culle'ctio:h ' at 'Earlham' College; 
Richmond, ' mdiana, where' the writer' has ' examine a it (Geol. 
Surv. Ind., Vol. XXXVI, p~ 641; pl. "ix; fig: 2)," ' The specimen 
was' secured -by Prof. D. ' W. Dennis, from the , worlpnen who 
unearthed 'it 'near 'Richmond. ' , . " ' ' . , 
Another specime'n "is ' in ' the American Museum of ' Natural 
Histdry/ New Ybrk; ,and this, is 'stated 'td 'hav.e 'been 'founa:near 
Ottilm.,,:a,Jowa, by E. 'L. Lathrbp, and 'sent-to 'Prof: E. D. Cope: 
,In'asmuqh :as :other specimens of this ~usk~o:i are likely to b~ 
found, some of them, it is to be hoped, furnishlng skulls' with' 
both jaws and teeth and bones of the ' trUnk ' and lImbs, it" is 
thought well to give measurements of ' the skuil and te'etli: and' or' 
sO,me 'of ,the principal ,bones of the skeleton ':of a specimen 'of 3,' 
recent Ovibos moschat";'s. Theseme'a~u~em(mts ' may serve iIi 
the identification of the fossil remains. , The 'measu'n iments 'of 
, the skull and teeth ,are :taken ,from a, skul~" ;No. 108722, belong-
ing to the Biological Survey of the U. S. Department of Agricul-
ture: The other 'measurements were obtained 'from, a skeleton 
b:elonging to tlie IT.-S. ' National Museum: '" 
, .. ME.ASUREMENTS 'OF ' SKULL. 
mm. , Length of skUll ' from rear 'of condyles to f,ront of premaxillae __ , 445 
Length of skull from front, 'of 'f9ramen ' magn~ to fr?nt of pre-maxillae _______________________________________________________ 420 ' mm. ' 
Length of· skull from middle of occipital crest to front , of pre· , > maxillae _______________________________________________________ 463 mm. 
Distance from middle of occipital crest to line "jOining rear of orbits ____________ ~ _________________________________________ ----
Distance from front of premaxillae to line joining rear 'of orbits_ 
From rear of OCCipital condyles to front of hinder nares __ 7 ______ _ Width at mastoid region _________________________________________ _ 
Width at rear of temporal fossae _________ .:...: ____________________ _ 
Width at constriction behind the orbits _________________________ _ 
Width 'at ' rear of , orbital ring ___________________ __ ______________ _ 
Widtb, on maxillary ridge at maxillo-malar -suture _____________ _ 
, Greatest , width above pm.' ~ _______________________________________ _ 
Width'.across , middle of , 'zygomatic arches __ '.:. ___ .: ___ ~ ____ :. ____ :. __ _ 
' Width ' of palate between last molars ______ ~ _______ ~--~-----------
Width of palate between anterior premolax:s _______________ ~ ____ _ 
Length of lower jaw from incisive border to -rear of condyle ____ _ 
Depth of jaw at first true naOlar--------~--~---~--~~------~----:;-
181 mm. 
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191 mm. 
170 mm. 
124 mm.' 
122 mm. 
236 mm. ' 
147 mm .. 
95 mm" 
163 mm. ' 
88 min. 
49 min, ' 
365 mm.. , 
42 mm. 
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··Measurements of the skulls of many individuals of the species 
, are given , by Allen in the monograph, already cited. 
MEASuREMENTS OF , TEETH. : 
Length ' of upper premolar-molar series ______________ .: ___ ..: __ .!_,..' ___ , .130 mID. _ 
Length ' of upper premolar series ______ ~..:---------------..:- .:.---,----- ,45 mID. Length of upper molar series .,. _________ ~ _______ .:. __________ .: _____ .:._ 84 mID. _ 
'Length of lower premolar-molar series ___ ' _________ , __________ .:____ 136 mID. 
Length of lower premolar series _________________________________ 46 mm. 
Length of lower molar series ~-----------------------~-----:..------ ' 90 mID . . 
Upper Teeth II Lower Teeth 
Pm.', length 
. -------------
14 mID . Pm .• , length 
-------------
width ------.-------- 11 mID. width 
--------------
Pm.', length 
-------------
lS -mm. Pm." length 
-------------
width 
------------..,..- 15 mID. width --------------
Pm.', length 
-------------
18 mID. Pm." lengtli 
-------------
width 
--------------
16 mID. width 
--------------
M.', length , 
-------------
26 mm. M.
" 
length 
-------------
width 
--------------
20 mID. width ----~---------
M.·, length 
-------------
30 mID. M .• , length 
-------------
width 
--------------
19 mID. width 
--------------. ' 
M.', length 
-------------
32 mID. M .• , length ------~------
width 
--------------
19 mID. ' width 
--------------
JylE~SUREMENTS OF SKELETON. 
Scapula, length along the spine ___________________ L ____________ _ 
Scapula, width of upper end ________ __ _________ .-------------------
Humerus, total length ___________________________________________ _ 
Humerus, from head to iuner side, distal end _________________ _ 
Humerus, width from side to side at UPJler end _______________ _ 
Humerus, fore ·and aft diameter at middle of .length ___________ _ 
Humerus, transverse diameter at middle of length _____________ _ 
Humerus, greatest width of distal end, side to side _______________ _ 
Radius, .total length ____ '-________________________________________ ..:_ 
Radius" fore and aft . diameter at middle of.length ______________ _ 
Radius, transverse diameter at middle of length _______________ _ 
Radius, g:reatest width at distal ,end . ________________ ..:_~ _______ ..:_ 
Blna, total' length ___________ ~ ___________________ ~ _____ :._. __ ~_~---~-
Anterior carinon-bone, length ___________ ~ _________________________ _ 
Anterior caunon-bone, fore and aft diameter at middle of length 
Anterior cannon·bone, transverse diameter at middle of length __ 
Anterior caunon-bone, width of the distal end __ ___________________ _ 
11.5mID. 
7 mID. 
16 mID. 
9 mID. 
19 mID. 
13 mID. 
24 mm. 
16 mID. 
28 mID. 
15 mID. 
38 mID .. 
13 mID. 
335 mID. 
200 mID. 
325 mID. 
285 mID. 
93 mID. 
52 mm. 
36 mm. 
70 mID. 
298 mm. 
22 mID. 
37 mID. 
68 mID. 
363 mID. 
177 mID. ' 
20 nub. 
36 mID. 
65 mID. 
, I 
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. . Pelvis, length ________________________________ ..: _____ -:,_______________ 410 mIn. 
Pelvis, width at acetabula _______________________________________ 195 mIn. " 
Pelvis, width at hinder end of ischia______________________________ 325 mIn. 
Femur, total length ________ .:. ______________________________________ ' 338 mID. 
Femur; length from head in inner side of distal end______________ 338 ' mIn. 
Femur, diameter at middle of length, fore and aft-_______________34 mIn. 
Femur, diameter at middle of length, side to side______________ 36 mm. 
Femur, greatest diameter at distal end, side to side____________ 85 mIn. 
Femur, greatest fore and aft width" distal end__________________ 98 . mIn. 
Tibia, total length ___________________ ..; ______________ ~ ___ ~---------- 340 mIn. 
,Tibia, fore and aft qiameter at middle of length______________ 30 min. 
Tibia, transverse diameter at middle of length__________________ 37 mIn. Tibia, width ' of distal end _______________________ -'________________ 58 mIn. 
Hinder cannon-bone, length ______________________________________ ,__ 187 mIn. 
Hinder cannpn-bone, fore and aft diameter at middle of length 27 mIn. 
Hinder cannon-bone, width of upper end __________________________ 44 mIn. ' 
Hinder cannon-bone, transverse diameter at middle , of. length__ 27 mm. 
Hinder cannon-bone, width of distal end ..: __ .:.____________________ 59 mIn. 
In the ma~e of the 'living animl:.ll the horn passes close to the 
skull, downward and forward below the eye, then upward and 
E:.lightly outwaI:d in front of the eye, and finally upward, out~ 
ward and backward. The orbit is thus nearly surrounded ,by 
the horn. When the horn is removed from the core, the latter is 
found to be about one-half the length of the horn. The horns' of 
the females are less strongly developed than in the males and ' 
they have a wider space between them. 
The upper teeth of Ovibos differ in several respects f.rom· 
those of the bison and of the common ox. The teeth of,Ovibos 
have no cement. This may, of course, be missing in fossil teeth' 
of the bisons; for it dissolvef;! more easily than the other ele-
ments. The teeth of Ovibos are hot nearly as broad as those of 
the' bisons, but the ~rowns of the molars are nearly as lOIig, fore 
and aft. Ovibos, like Bison and Bos, has, on the' outer face of. 
each premolar, an anterior and posterior style; and in the true 
mQlars, 'an anteriQr, a medlan, and a posterior style. However, 
in Bison · and Bos there are in the premolars and on the molars 
two intermediate styles which exceed, in breadth and prominence 
the main style; while in Ovibos these appear as mere swellings of 
the enameL .Bison and Bos have, on the inner face of the true 
molars, a large column between the two lobes. This is . not pre:;;-
ent in Ovibos. 
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, In Ovibos the lower premolars and molars are both 'shorter 
along the crown and narrower than those of the bisons. The 
true molars ,of the latter have, on the outer face, between the 
lobes, a large column of enamel 'whicn is missing in the species 
of Ovibos. The styles on the inner faces are more strongly 
developed. than in the bisons and the, common ox. 
The teeth of the elk, Cervus canadensis, are lower-crowned 
and broader than the corresponding ones of Ovibos; and they 
have ,tp.e styles, especially the intermediate ones, better devel-
oped than in' Ovibos. 
,These remarks are to, be applied with ,still stronger force to 
the teeth of Alces when compared' with those of Ovibos. ' 
As already stated two specimens of Ovibos are known which 
have been found in Iowa. One of these is in the American 
Museum of Natural History, New York. It appears to have 
been found at Ottumwa, by E. L. Lathrop; and it had long ago 
been sent to E. D. Cope, of Phi]adelphi~. The specimen con-
sists of the hinder part of the skull, and this had, before its 
discovery, been subjected to rough usage, probably in running 
water; so , that all the prominent processes have been worn 
down. ' The horn-cores are eroded off nearly to their bases. 
There is a groove 147 mm. long between the two horn-cores. 
The individual was an old one. There are no data preserved 
which throw any light 'on the geological age of the skull; but it 
probably belonged to the Wisconsin stage or to the early post-
Wisconsin. 
The other specimen is likewise a part or a skull. This is the 
property of Dr. Frederick. Becker, of Clermont,. Fayette county. 
He has informed the writer that it was found in the northeast 
corner of the southeast quarter of section 35 of Clermont town-
ship, at a depth of about twenty-six feet in Clay. This region 
is covered with Kansan drift, 'and it , would be of .the highest 
interest if the skull had been found in this drift; but it is much 
more probable that the clay belongs to a ' Wisconsin or post-
Wisconsin deposit. Mr. A. G. Becker has kindly ' sent me 
photographs of this partial skull; and two of these are repro-
duced, 3' little less than one~fifth of the natural size (PI. XXXVI, 
figs. 2, 3) . . On comparison with the figure of Ovibos moschatus, 
, " 
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. on the same plate; it will be observed that the' arrangement of 
the . horn-cores is the same. Mr. A. G. Becker has furnished 
certain measuremerits: From the rear of the skq.ll, as seen in 
figure 2, to the front, which 'shows the notch for the .nasals, is 
272 mm.; the width across the orbits is 225 mm.; the horn-
/ cores are 120 mm. wide at the base. 
Genus SYMBOS Osgood. 
Horn-cores .directed outward, downward, and forward; their 
upper face fiattened at the base. The exofiltosesof the two sides 
cc)alescing at the midline, extending backward to the occipital 
crest and forward to or beyond the orbits. Space between the 
horn cores more or less concave, Face much 'elongated. Bor-
. deis of orbits not so much produced as in Ovibos. Upper teeth 
essentially like those .of Ovibos, but larger, especially broader, 
and the vacant crescents of each lobe without extensions, or 
offsets; lower teeth not yet known. 
The type of this genus is Osgood's B caphoceros tyrrelli, later 
called Symbos tyrrelli, found in Yukon Territory. This was 
. base'a on a nearly complete skull, lacklng, however, the lower 
' jaw. iri the Sl:lme genus he included the species long known as 
B'ootherium ca1;ifrons, originally described by Leidy. The pos-
sihility that "8: . tyrrelti is the same as B . . cavifrons is discussed 
below . . ' 
Symbos cavifrons (Leidy) . 
.. The type of .this species is a part of a skull which is now in 
the Academy of Natural /?ciences at Phill:tdelphia. It was dis-
covered many years ago near Fort Gibson, Indian Territory, 
near the junction of the Neosho' river with the Arkansas. It 
was fqund in the qut of an Indian, who was using it as a seat. 
It . was ' described and figured by Leidy in 1853 (Smithson. 
Contrib. KnoW-I., ' VoL V, ·a~t. '3). Figures of ' the same skull 
were published in 1905 by Mr. W. H : Osgood (Smithson. Misc. 
CoIL, VoL XLVIII,pls. ·xl-xlii) . . T~e horn-cores are present, 
nearly complete, and the base of the skull as far forward as 
the fronto-nasal notch. One of Osgood's illustrations 'is here 
reproduced showing the rear of the skull (PI. XXXVI, fig. 4). ' 
- MEASUREMENTS OF SYMBOS. 2.99 
In :this s·pecimen the space between · the bases. ·of the horn-
cores is rough and pretty deeply .. concave,with a. slight median 
. . 
longitudinal ridge. It is quite evident that the horns 'of the:two 
sides had, in this genus, coalesced across the forehead. The 
followj.ng measurements were furnished by this skull ~ 
·MEASUREMENTS. 
Length from condyle to fronto-nasal suture __________ ~ ____ .: ____ _ 300 mm. 
Length from middle of occipital crest to fronto-nasal suture_~. __ 285 wm. 
ll.eight from bottom. of condyles to top of exostosis. __________ .:. 
Height from bottom of condyles to occipital crest ___________ .:. __ 
220 mID. 
165 nun. Width at level of occipital crest · _________ . ____________ :.. ______ ~p_ --..: 140 mm;. 
Wjdth at mastoid region _~ ____________ _____ ----------~------~----- .210 mm. Width at rear of otbits __ .: _~ __________ ..: _____________________ ..; ______ _ 245 mm. 
Width at front of qrbits __ --.:----------:.------------------------- 210 mID. Diameter of base of horn-core, fore ana aft _____________________ _ 110 nun. Diameter of base of hom·core, vertical _____ -_..-___ .:._~ ___ ~ __ ~ ____ _ 75 nun. 
Length of horn-cpre along hinder border_,.. __ --------__________ ~ __ _ 
D~stance between tip of horn-cores _. _______________ -----_-------:.. __ 
395 rom. 
575 rom" 
Fig. 98. Symbos cavifrons. Front view of skull found at H ebron; Indiana,. X 1/ 6. 
,. 
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The finest known specimen of this species is a skull whieh was 
discovered about the. year 1904, by some workmen, while dig-
ging for · the ' foundation of a railroad bridge, about six miles 
. east of Hebron, Porter county; Indiana. It was found at a 
depth of about seven feet in a mixture of sand and clay. The 
specimen is now in the American Museum of Natur'al History, 
New York, and has been described by the present writer (Geol. 
Surv. Indiana, Vol. XXXVI, pp. 635-638, figs. 49, 50) and by 
J. A. Allen (Mem. Amer. Mus. Nat. Hist, Vol. I, pt. iv, pp. 
169-171, fig. 25; pIs. xvii, xviii). This skull (Figs. 98, 99) lacks 
the lower jaw, both premaxillre, the anterior"extremity of the 
left ma;xilla, the front two-thirds of the nasals" and all the teeth,. 
except the second molar of the. left side. The condition of the 
bone shows that t}1e skull must have been buried soon after 
death and that it had suffered no disturbance until found by 
. the bridge-builders. ,The following measurements are partly 
from those takep. by the author and partly those taken by Allen. 
lp. the se~ond column are given the corresponding measure-
ments of 'the type of . S. tyrrelli: 
MEASUREMENTS. 
From occipital condyles to hinder end of maxillo·pre-
maxiJlary' articulation ______________________ ., ____ _ 
From occipital p~ot1iberance to front of maxilla _____ _ 
From hinder bo:rder of exosto'sis to fronto·nasal suture 
From rear of occipital condyles to front of hinder nares ______________________________________________ _ 
Width at mastoid region ' _____________________________ _ 
Width at hinder end of temporal fossae __ :.. __________ _ 
Width at rear of orbits ______ -_______________________ _ 
Width across occipital ' condyles _____________________ _ 
Width across the zygomatic arches ___________________ _ 
Width of hinder end of basioccipital _________________ _ 
Height of skull from bottom of condyles to hinder border of exostosis, at midline ___________________ _ 
Height of occipital crest above bottom of condyles __ 
Height of front of exostosis above alveolar border __ 
Height of hinder end of nasals above alveolar border Length of exostosis, on midline _____________ ~ _______ _ 
Width of concavity of exostosis, taken at middle of base of horn·cores _________________________________ _ 
Depth of concavity of exostosis, taken as above _____ _ 
Fore-and-aft diameter of base of horn-cores ___________ _ 
From tip to tip of horn·cores, as preserved ___________ _ 
Lengtb, of horn-cores, as preserved _____________ ~ _____ _ 
Diameter of orbit ______ -----------~--------------------Length of tooth series, as shown by alveoli _________ _ 
! Symbos ! 
cavifrons _ 
478 mm. 
557 mm. 
275 mm. 
~63 mm. 
200 mm. 
134 mm. 
252 mm. 
118 mm. 
211 mm. 
72 mm. 
223 mm. 
180 mm. 
228 mm. 
195 mm. 
267 mm. 
125 mm. 
36 mm. 
118 mm. 
525 mm. 
225 mm. 
63 mm. 
182 mm. 
Symbos 
tyrrelli 
416 mm. 
'528 mm. 
241 mm. 
224 mm. 
196 mm. 
122 mm. 
222 mm. 
135 mm. 
210 mm. 
71 mm. 
158 mm. 
125 nun. 
190 mm. 
188 mm. 
210 mm. 
90 mm. 
40 mm. 
100 mm. 
368 mm. 
175 mm. 
73 mm. 
172 mm. 
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T.he exostosis which . occupies the forehead is greatly devel-
oped. It extends backward to a point above the occipital crest 
and forward to a point between the fronts of the orbits. It is 
very rough. The space occupied by it is concave from side to 
side; but, unlike the type, there is no median ridge and no 
ridges bounding the concavity in front and rear. The horn- . 
cores are flattened above, ·but away from the base the flattening 
is reduced. The €xtremeties reached below the orbits and to 
. the front borders of these. 
Figure 97 presents sections of. two horn.-cores of this species. 
These show that the cores are flattened above. ' 
Fig. 99 . . Symbos cavifrons. Side view of skull found at Hebron, Indiana. X 1/6. 
In front of each orbit there is a considerable excava tion for 
a gland. The orbits · do not projecct so far out from the skull 
as in Ovibos. 
The alveolar border of the maxilla appears to be unusually 
convex from front to rear. The antorbital foramen is above the 
second tooth from the front, pm.8 • . The palatine bones extend 
forward to the space between the :first and the second true 
. molars. One tooth, the left :firstllpper molar, is present . . It is 
Qonsiderably worn, but yet rises 25 mm. above the root. The 
crown has. 'a rore-and-aft length of 38 mm. and a width of 28 
mm. It ·is thus considerably larger than the same tooth in 
Ovibos moschatus. The .structurE', of the tooth resembles that 
in the latter musk-ox; but the external pillars seem to be less 
strongly developed, and the walls of the vacant crescents of 
each lobe are simple. ' . 
This skull was found in depo~its laid down by water upon . 
Wisconsin drift. Its age may therefore be determined with 
\ . 
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.some accuracy: It may be that it lived ,along the ' foot of the 
Wisconsin' glacier, as this was returning northward.; or It may 
have lived after the glacier bad retired farther north, but while 
the climate was yet cold. We may be assured, at any rate, that 
its period was · not pre-Wisconsin. . . . ' 
. As already' 'stated; W.' H: Osgood has des-cribed . from .the 
Yukon region a- species which he has named' Symbos tyrrelli, 
making it the -tyPe' of the genus. This is in the N anonal Mu-
seum and has been studied by the writer with sOI;i1e care. In- ' 
asmuch ·a·s it retains many of the teeth and one premaxillary, 
and furnishes many ' important suggestions regarding · 8ymbos . 
cavifrons, the following notes are made; and, thro-qgh the cour-
t tesy of the Biological Survey, some of Osgood's figures . are re-
produced. Vario~s measurements are given on page '300 in a 
column parallel with the meas~rements . of S. ca1)ifrons. In 
addition the following measurements are taken on' S. ty.rrelli, 
but which t~e writer has' unfortunat~ly not taken on. the Indiana 
speci~en of S. cavifrons. Inasmuch as the premaxillre, of the 
latter specimen are missing, the first measurement, the basal 
length of the skull, cannot be obtained. The corresponding 
measurements of a specimen of Ovibus moschatus >also are ' 
presented. 'For ~gure ,0£8. ·tyrre.lli see plate XXXVrI. . 
.. . ; 
MEASUREMEN:rS. 
From front of foramen magnum to front of pre-
maxillae (basal length) ____________ .:.. _____________ _ 
From occipital protuberance to line joining rear of orbits ___ _________________________________ _______ ___ _ 
From front of premaxilla to line joining rear of or-bits _________________________________________ ~-------
From front of foramen magnum to fronto-nasal suture (basinllsal line) '-_________________ ~ ____ '_ ___________ _ 
Symbos ·r· . O~ibos 
tyrrelli m9schatus 
528 mm. :420 rom. 
161 rom. 170 rom. 
410 rom. 288 rom. 
255 rom. 229 rom. 
The measurements · just given show that, as compared With. 
the living species of musk-ox, Syrnbos tyrrelli'had a remarkably 
long face; for, .while the distance from the oc-cipital crest to the 
line Joining the rear, of the orbas is nearly the ~ame in the 
. two specimens' meas'ur'ed '(161 mni. and 170 mm:), being there-
fore greatest on the Ovibos, the face of Sy~bos, is' one' and four-
THE TEETH OFSYMBOS 
tenth t~mes longer than that of Ovibos. The skulls of Symbos 
tyrrelli and of S. cavifrons . were as long as that of a horse of 
average size; although the h0dies of these extinct musk-oxen 
were doubtless considerably smaller th~n that of such horses. · 
Symbos tyrrelli differs in some respects from that of S .. cavi-
frons. The rear of the skull is muchlower than that of S. 
cavifrons, the height of t:Q.e occipito-parietal suture above the 
lower border of the condyles. being 125 mm. in the former, and 
180 :min. in ' the latter. This · might be regarded a character 
distinguishing .decisively the Yukon species from that of our 
region; but another imperfect skull brought from the same 
region by Mr. Osgood has the rear of the skull much higher and 
fully equal to a specimen of S. cavifrons from Manitou, Illinois. 
Other 'differences between the two supposed species "may be 
cited, but only careful study of additional specimens will ,enable 
us to decide as to their relationships. . 
The type specimen of S. tyrrelli contains all the cheek-teeth 
of the left side and the two hindermost molars of the right side. 
They are considerably worn, however, and do not offer wholly 
satisfactory measurements. Pm. 2 , pm.\· and m.l are worn 
obliquely, and the latter has little of the crown left. M.2 and m.B 
are in' pretty good condition. The following measurements are 
presented as being about as good as can be obtained. Measure-: 
ments of the teeth of Ovibos are presented for comparison: 
MEASUREMENTS ' OF THE TEETH. 
Teeth Symbos j Ovibos tyrrelli moscbatus . 
. P~. 2, ' ~f5:: ===============================~====:======= }g::: 
, Pm. 9 '~~f:: ' ================================ __ :====~==== 19 mm. 25 mm. 
14 mm. 
11 mm. 
' 18 mm. 
15 mm. 
Pm. ' , length __ ~ _________________ ~ ____ ' ___________ .:_______ 20, mm. 18 mm. 
. width ____________________ .: ___________________ ..: ___ 26 mm. 16 mm. 
M!, length .:. _________________ .:. ______ .:. _______ .___________ 27 mm. width ', ____________________________________________ 27 mm. 
. . 
M.', length ____________________________________________ .34 mm. 
width _______________________________ ._____________ 32 mm. 
M.", length _____________________________________ : ______ . 49 mm. 
width ________________ :. ____ ~ _____ :: ______________ . .:. _ 33 mm. 
26 mm. 
20 'mm. 
30 mm. 
19 mm. 
32 mm. 
19 mm. 
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It is quite certain that the teeth of S. cavifrons were not 
greatiy different from those of S. tyrrelli. The measur~ments 
of m. 2, in the two ' specimens differ somewhat, however . . That 
. of S. cavifrons from Hebron is considerably longer, but it had 
not been so much worn. A comparison between the figures of 
the two columns above . given shows that, excepting the an~erior 
premolars and the last molars, there are no great differences ' 
between the lengths of corresponding teeth in Ovibos and 
Symbos; whil'e there are great differences in the widths of the 
,corresponding teeth. The teeth of Ovibos are ,relatiyely thin; 
those of Symbos broad. The hindermost molar of Symbos is a 
very large tooth. ' , 
J. A. Allen (op. cit., p. 214) has expressed the opinion that a 
specimen found near · Grand Rapids, Michigan, and described 
by Mr. Gidley (Proc. U. S. Nat. Mus .. , Vol. XXXIV; p. 683, pI. 
lix) as ' Bo'otheriwm sargenti, does not belong to Bootherium, 
but is probably the female of Symbos. The present writer does 
not share this opinion. He has seen about twenty-five speci-
mens of Symbos, all of which have the great exostosis across 
the forehead, showing that the horns had coalesced. If these 
are all males, then but one or two females of the genus have yet 
been discovered. ,Among these specimens there is a good deal 
of variation in the width and the length of thEi horn-cores. 
Allen states that in ' B. sarg'enti there is about the same relative 
area of exostosis as in the female of Ovibos. It might be sup-
posed, however, that in a genus where the extension of the 
horns across the forehead of the male had gone so ' far as in ' 
Symbos, it might have proceeded at least proportionately in the 
female. This had gone as far as it could in the, male; is it not 
possible it had gone about as far in the female and reached the ' 
midline' In the many known specimens of Symbos there 'is a 
good deal of variation iIi. the width and thickness and length 
of the, horn-cores; and it seems quite probable that some of the 
smaller horn-cores indicate females. The writer is, inclined to 
look on the type of S. tyrrelli as being the skull of a female, 
perhaps' the female of S. cavifrons. 
The horn-cores of Bo'otherium sargenti are very different 
from those of ~ymbos. They are not depressed on the upper 
• 
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surface, as tbeyare in Symbos, but are nearly. circular ~n sec-
tion. An examination of Allen 'F.; text and figures appears to 
sbow conclusively tbat the born-cores of tbe female· of Ovibos 
are at most not longer tban those of tbe male. It is reasonable 
to suppose tbat tbe same conditiolts would be found in Symbos; 
but in tbe type of Bootheri'Ulm ;argenti tbe horn-cores are far 
longer than tbey . aTe in any known speGimen of Symbos, ex-
tending far in adv~nce of tbe orbits and apparently to a ·line 
not fiu bebind the front end of the nasals. . The type of B. 
sargenti may. be tbe skull of a female, but hardly tbat of Symbos 
cavifrons. 
One of .the characters which especially distinguishes B oother- . 
i'Ulm bombifrons is the angle which the plane of the frontals 
makes with tbe plane of the parietal portion of the roof of the 
skull; and Allen recognizes tbe value of the character. Now, in 
Bootherium sargenti there is a similar angle and one nearly as' 
large. In B. bombifrons, judging from the illustration fur-
·.nished,. this angle measures 55°; in B. sargenti it measures 
about 53°. On tbe roof of the sknll of Symbos there is no such 
angle. 
Tbe horn-cores Of B. sargenti differ from tbose 0f B .. bombi-
frons certainly: in having pushed the exostosis beyond the pedi-
cel and on the forehead.. If this character removes the species 
from B. bombifronsthere is indicated the need of !1 new generic 
name; but an undMcribed skull from Alaska. sh-ows an inter-
mediate condition. 
Tbe writer knows of but one*' specimen of Symbos cavifrons 
tbat has been found within the limits of Iowa. This is the rear 
portion of a skull wbich was repcrted by McGee (Amer. Jour. 
Sci., Vol nXIV, 1887, p. 217) as having been found in the loess 
at Council Bluffs. McGee states. that the specimen was found 
at a point 130 feet above Missouri river and at a depth of twelve 
feet. Tbis specimen is now in tbe collection of the Iowa U ni· 
versity, having been secured by Doctor Calvin. The catalog 
number is 107. McGee states that :with the skull were fou:p.d 
about on,e-half of the lower jaw, the atlas, a femur, and a n~m- ' 
ber of other bone,s. Tbe writer bas seen none of these bones, 
-For a description of an atla~ which probably belongs to this species and which has 
been examined since this report went to press, see page 307. . 
20 
. . 
• 
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except ·the skull. .. The' skull lacks all parts in front .or the rear 
of the orbits. ' The horn-cores are· complete. The following 
measurements' were taken by'the writer: Fro¢; tip '-to, tip of 
born-cores, 470 mm.; width of skull at mastoid regioii,205 mm.; 
dis~anee across the occipital condyles, 132 mm.; fore-and-aft 
extent of the exostosis, 200 mm. Between the' horn-cores ·is 'a, 
. deep concavity. . . 
In case this skull was really derived from the loess, :We would 
probably have to conclude that tbe animal h~d Jived . as long 
ago, at least, as Wisconsin 'times. It does not seem improbable 
that in this region loess was being deposited during the pres-
ence of the Wisconsin ice-sheet in the state. Shhnek (i~ a letter) 
thinks that it is far 'from certain that the skull was ' found in· 
loess. There is in that region much Lovela~d, a slackwater' 
deposit, and the skull may have been buried in this. Inasmuch 
as this Loveland is regarded by .Shimek as having been ' de-
posited during the melting of the Kansan ice-sheet, we would 
have to refer to tha t time the existence of this species of . 
Symbos. This must not be regarded as ' impossible, but con-
. :firmation of this idea is to be dosired. Other specimens cer-· 
tainly belong to Wisconsin or post-Wisconsin stages. McGee 
(op. cit., p. 220) beliey-es. that the skull of this species which 
was 'found at New Madrid, Misso'uri, was derived from the Port 
. Hudson. . It is possible that the skull from · Gouncil Bluffs ' 
really occurred i1;1 redeposited .loess. The ph()tograph of this 
skull reproduced on plate XXXVII, :fig. 3, was sent to the writer 
. ~ .. . 
by Doctor Oalvin. , On the back of it was expressed the opinion 
'that the skull had been. found in deposits of unknown age. 
J:eidy (Proc. Acad. Nat. · Sci. Phila., 1870, p. 73) stated that 
there had been sent to him from the Smithsonian Institution a 
part of a lower jaw of an anilllal supposed to be that now, 
k:qown as Symbos cavifrons. This jaw had been found in Har-
rison county, Iowa, in clay, at a depth of twenty-two reet below 
the surface, on the "bench," or "s-econd bottom" of Boyer 
river. According to' Shimek (Iowa Geoi. Surv'., VoL XX, p. 394) 
.these benches are covered by yellow loess; but it seems likely 
that at th~ depth of twentv-two fpet the loess would be passed 
~hrough. Tbe specimen i~ stated, to be very friable . and en-
crusted. · It was presented to the Smithsonian Institution by 
<" 
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Dr~. D. R. Witter, of Woodb~ne, Iowa: Only the last molar was 
pres~nt and tills was much wo~n, Its dimensions are given by . 
Leidy as bei~g fully two inches,. fore and aft, ~ and, near~y an 
inch ,wide'. ',The present writ_er has , not been , able to find this 
jl1w 'ip. the collection of. the National ¥useum, wher,e it ought to 
. be. " ,While t~e iaw- is 'pos:;;ibly' that: of. SYri'!'bos cavijr.ons, one 
coulcf p.ot be certain of it, since :he lower jaw' has never been 
fou~d. associated with ,the - ~the.r parts of the skull. . -
, PI;ofessor John L. 'Tilton, -6f Simpson Oollege, has submitted 
to the writer ail atlas which w'as ,found a mile and a half east 
, ~f .Indi~nolaby:Mr. Herbert D. Perry. The iocality i~ in seQtion 
f9, ,tqwnsh~p 76 .north, range 23 west, Lincoln township. T,his 
bone, toget~er with a large vertebra which evidently belonged ' 
to one of. . th~ elephan,ts,' w,as discovered at a depth 'of about 
eleven ' feet in the process of digging a pie~ for a bridge over 
a ravine. The atlas· b~longed to some species of musk-ox, prob-
ably to Symbos cavifrons. ' 
A comparison of the atlas ,of Ovib-os moschatus with that of 
a bison shows that the two are ,quite different in many respects. 
In the bison the' anterior borde~s of the bone Which limit in front 
'and laterally the articular surfaces, are drawn 'out to 'rather 
'acute edges. In the musk-oxen these borders have the appear-
,ance of having been beveled off at right angles with the articular 
surface all around, but especially , latterly and below. Instead 
of a -sharp ' edge, the border presents a thickness of 10 , mm,to 
15 IDIn. .In the bison the right and left anterior articular sur~ 
faces pass into each other or are separated by a narrow chan- ' 
nel, ·while in the musk-oxen ' a prominent ridge descends. from 
the floor of the spinal canal · to the lower surface of the bone. 
The lateral wings of the atlas ' are conside~ably thicker in the 
musk-oxen than in the bison. 
- The atlas· found near Indianola had been rolled and water-
t worn and the lateral wings and the median part of the-arch are 
broken off; but the bone displays its relationship ~o the -musk-
oxen: It differs from the same 'bone' in the existing , musk~ox 
in having the surfaces which extend right ' :and left , from the 
lower median tuberosity to the ,outer 'borders of ,the bone well' 
-' 
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filled out, instead of beiri.g quite concave. Various other dif- ' 
ferences are observed. 
In his thesis on the Pleisto~ene deposits in Warren County, 
Iowa, page 27, Professor Tilton regarded the beds from which 
this bone was obtained as l:>elonging to the Aftonian; but he has 
more recently expressed, in letters to the writer, some doubts re-
garding this copelusion. It seems probable that the musk-ox 
to which the atlas belonged lived during one of the glacial stages, 
tither the Illinoian or the Wisconsin. 
Prof. John ' L. Tilton has sent the writer a fragment, 150 mm. 
long, of the right humerus of some artiodactyl. It was found 
in'an old .soil at a depth 'of 38 feet beneath the river bottom, in 
making the city well at Indianola . . It appears to be quite cer-
tain that the bone belonged to some species of musk-ox, prob-
ably to a yo~g animal. The bone is much injured. The de-
posits are probably more recent ~han the Aftonian. 
SubfamilyaOVINAE. 
The Bisons, BuffaJoes and Oxen. 
Bovidre with the horn-cores pla~~ed nearer to the hinder outer 
angles of the skull than to tl;1e orbits; directed usually upward 
and outward. Frontal bones developed posteriorly at the ex-
pense of the parietal. Face broad. Premaxillre n,ot re,aching 
the nasals. Teeth high-crowned, prismatic, with strongly devel-
oped styles aI;l.d accessory columns, and covered with·a coat of 
cement. ' 
The earlie.st known members of this group appeared in the 
Pliocene of India and Europe. They were well represented in 
. ,Europe, Asia, and North AmericH during the Pleistocene. All 
the species native to America belong to the genus Bison. 
The writer has shown (Smithson. Misc. CoIl., Vol. LIX, p. 12, 
, fig. 10) that so far as is known no remains of any extinct species 
()f Bison in North America has yet been found in deposits over-
lying the Wisconsin drift. The provisional conclusion which IS 
drawn' from this is that all these species had become extinct be-
fore that drift-sheet had disapp'eared; probably before it had 
reached its southern limit. 
ANALYSIS OF SPECIES OF BISON 3Q9 
The following analysis of the species and their characters may 
be of use in determining specimens ' which may be found. Of 
these only Bison bison and Bison occidentalis have yet been dis-
covered wlthin the state; but any of these, except crassicornis, 
may be expected . . The speCies just mentioned has, up to the pres-
ent, come to the light nowhere except in Alaska and Yukon Ter-
' ritories. The existing species, B. bison, appears to have been a 
late arrival in our region. 
It is usually very difficult and unsafe to identify the species of 
Bison by means of the teeth alone. The teeth, or at l~ast, well-
preserved ones', have not , been found in the jaws of 'determin-
able skulls of dl the species, so that the tooth characters have 
not been satisfactorily made out. Evidently the corresponding 
teeth of some of ,the species resembled each other very closely in 
size and structure. Teeth have been found in Florida :which are 
not distinguishable from those of the living bison. ~ et we have , 
no other, proof that this bison ever lived there. 
Genus BISON H. Smith. 
Horn-cores cylindrical, directed outward and up~ard, usually 
somewhat 'backward, rising somewh.atin front o~ the hinder 
outer angle of the skull. 
The type species of thIS genus is Bison bison, the American 
Bison, or American ·Buffalo, which once occupied a large part of ' 
o-qr continent, but which is now on the verge of extinction. Be-
bides this animal, there ,existed in North America, during the 
Pleistocene, several other species of the same genus, as Bison 
antiquus, B. occidentalis, B. crassicornis, B. alleni, B. ferox, B. 
latifrons, and B. regiu,s. 
ANALYSIS OF SPECIES OF BISON. 
A. Species with the bases of the horn-cores directed at right angles with the 
longitudinal axis of the face. ' 
1. Horn-cores, measured along the upper curve, equal ·to about three-
fourths the distance between the bases of the cores, and about equal to 
' the ,circumference of the base ...................... ' ....... . antiquus. 
A.A. ' Species with the bases of the horn-cores directed obliquely to the long!-
, tudinal axis of the face and nearly toward the orbit of the opposite side. 
2. Horn-cores short, stout and curving outward, slightly downward, then 
upward and backward; length along the uppe,r curve much less than 
the distance between the bases and not equalling. the circumference 
of the base ...............................................•... bison' • 
• 
.' 
j, 
'. 
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3 . . Horn-cores directed , oqtwarq, upward, and somewhat backward, the 
. length along the upper curve usually exceeding somewhat the dis-
tance between the bases and about equal to the cir'cumference of the 
base ....................... : ... ... .. . ... ..... ........ , .. . occidentaZis. 
4. Hor!l-cores more elongated ~nd directed considerably downward prox- ' 
imally, thus appearing to· sag; tips rising littlE) above the face; the 
length · of the horn-cores exceeding the · distaIice between ·the bases by 
from 24 to 70 per cent and the circumference . of the base by from 
' 21 to 40 per cent .... ~ .. : ....... : .. ..... : ..... ... :. ' ...... ' . . crassicornis. 
5., :Horn-cores n'ot ' sagging. ~t the bas~; directed o~tward, upward, a~d 
somewhat backward; exceeding the distance between tl'l'e ' bases by 
about , 40 p~~ cent and the cir~umfer~hce of the base by from 22 t? 
32-,per cent .. ' .. :' .. ... : ....... ' . ', '" .' ..... . .... ~ ....... .. ' .. ' ... r ••. , •• ,aHen~. 
6. ' Horn-cores long, heavy, and moderately curv'ed; ' length along the 
,up'per curve more than twice the distance between' the bases and ex-
ceeding by more tlian 50 per cent the circumference at the base. 
T·eeth with the enamel of the . "lakesH very simple .... .... ... Zatifrons. 
7. Horn-curves (as' 'indicated by the type) longer, slenderer, and niore 
curved. then .in B. Zatifrons; , length along the .upper curve two. and 
a half times the' distance ·between· th~ bases and exceeding th.e cir-
. cumference Of the base by ·90 per :cent. Teeth with the enamel of 
the "lakes" with r~entering folds· .. ... .. ................. '.' . . regius. ' 
'B~son' biSon (Linnreus). 
The AmeriMn 'Bison; American Buffalo. 
' Inasmuch as this species has been' reported from the state as 
a Pleistocene fossil, alid as' its structure is thoroughly known, 
and as it may therefore serve as .standard for the comparison of 
remains of,other fossil bisons', a .rather detailed description of it 
and measurements will be given. ,These are taken from ,a mo,urit-
'ed skeieton at the U. S. National MuseuID, No. 12456. Measure-
ments of other 'specimens are, to 'be found in J. A .. Allen 1s mono-
graph The American Bis·ons. ' 
MEASUREMENTS OF SKELETON OF THE AMERiCAN BISON. 
, , 
Length, from front of head along the face and straight to hinder end of pelvis __________________________________________________ 2808 
Height, at the shoulders __ ..: ___ ..: ______ . ________ .: ________ ~ ____ _______ 1660 mm. mID. 
Skull, length from premaxillae to front of foramen magnum__ 500 mm. 
Skull; 'length from front of premaxillae to rear of condyles __ · ____ '528 mm. 
Skull, length from front of premaxillae to occipital protuberance 557 mm, 
Distance from occipital crest to front of nasals _______ -. ___ ._______ 445 
Djstance from front of premaxillae to fron.t of hinder nares____ 315 mm. mID. 
Distance from . front of premaxillae to first premolar ____________ 154 mm. 
Distance between bases of horn-cores _______________ :. ____ ~_______ 260 mID. 
Width at hinder ends of temporal fossae _________ . .l. _____ :.._,,: .... ___ :.. 117 mID. 
Width above first tru~ molar, greatest ____________________ '-_____ 212 mm. 
Wjdth. ab.ove. anterior. premolar, greatest . ___ ~-.-----_________ ,.---- .128 
Width of palate betwE)en last molars ________ ,.-------------------- 115 
mm. 
mm. 
W!dth of palate. betw~en. anterior premolar,S. -----------;--~,--~---7 93 
WIdth at mastOId regIOn ____________ --------------------~~,,.- ------ 272 
mm. 
mm. 
. 
• 
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Width at rear of orbits ______________________________________ '-_____ 345 rom. 
From occipital protuberance to line joining rear of orbits________ 210 rom. 
From front of premaxillae to line joining re'ar 'of orbits __________ 330 rom. 
Length of horn-core along upper curve.:.___________________________ 222 rom. 
Length of horn-core along ' lower curve _______ ~ ____________________ 275 mm. 
Circumference of base of horn-core _________________________ ~______ 275 · mm. 
Diameter of ,base of horn-core-o.n plane of 'f:ace ________ ~____________ 93 rom. 
Diameter of base of horn-core' at right angles to latter~----------- 83 rom. Distance between tips of horn-cores ______________________________ 610 rom. 
L,ength lower jaw from front to condyle, strJlight line ____________ 436 rom. 
Breadth of atlas ____________________________________________ !.._____ 220 rom. 
Breadth of axis, in' front- ________ '__________________________________ 127 rom. 
Height of spine of first dorsal vertebra____________________________ 495 rom. 
Length' of scapula along the spine ________________________________ 490 .. rom. 
Width of upper end of scapula ____________________________________ 300 mm. 
Humerus, total length _____________________________________________ 375 mm . . 
Humerus, length from head to inner side of distal end __________ :._· 315 rom. 
Humerus, diameter at middle of length, side , to side______________ 60 rom. 
Humerus, diameter at distal end, side to side______________________ 110 mm. 
Radius, total length ________ ~-------------------------------------- . 335 rom. 
Radius, diameter at middle of length, side to side________________ 57 rom. 
Radius, diameter at middle of length, fore and aft-_______________ 36 mm. 
Radius, width at lower end, side to side _______ ,_____________________ 95 mm. Ulna, total length __________________________________________________ 435 rom. 
Anterior cannon-bone, total length ________________________________ 206 mm. 
Anterior Cllnnon-bone, diameter at middle of shaft, side to side__ 52 mm. 
Anterior cannon-bone, diameter at middle of shaft, fore and aft__ '33 rom. 
Anterior cannon-bone, diameter of lower end, side to side________ 91 rom. Pelvis, total length _____ ..:. _______________ -" ________________________ ..:_ 555 mm. 
Pelvis, width at acetabula ________________________________________ 280 mm. 
Pelvis, width at hinder end of ischia _____________________________ 295 mm. 
Femur, total length _______________________________________________ 450 rom. 
Femur, ,length from head to inner side of distal end______________ 400 Iplll. 
'Femur, diameter at middle of length, fore and aft __ ~ _ _:.. ___________ 55 mm. 
Femur, diameter at middle of length, side to side________________ 53 rom. 
Femur, diameter at lower end, side to side, greatest-_____________ 128 mm. Tibia, total length ______________________________________________ ..:_ 412 rom. 
Tibia, diameter at middle of length, side to side ________ ~ _____ ~_.,-- 60 rom. 
Tibia, diameter at middle of length, fore and aft__________________ 46 m:r;n. 
Tibia, diameter near lower end; side to side ______________ ~--------- 78 rom. Calcaneum, total length ______________________ :.____________________ 162 mm. 
Hinder cannon-bone, total length __________________________________ 255' mm. 
Hinder cannon-bone, diameter at middle of length, side to side__ 40 mm. 
Hinder cannon-bone, diameter at middle of length, fore and aft__ 38 rom.· 
Hinder cannon-bone, diameter at lower end, side to ,side __________ 75 mm. 
Inas_much as the teeth of the specimen here measured were too 
much worn to give satisfactory results, use is m'ade of a skull of 
a male bison' from northern Alberta, British America, No. 172689, 
U. S. Nat. Mus. The length of this skull.is 566 mm. and therefore 
somewhat greater than that of the skull of the mounted skeleton. 
In this sku,ll, too, the premolars, especially the lower' ones, are 
much worn and-for that reason the l.Il~as.urements of these in an-
\)ther , specimen ar_e given: 
• 
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MEASUREMENTS OF SERIES OF TEETH. 
Length, upper premolar-molar series ________________________ ~_____ 143 mm. 
Length, upper premolar series _____________________________________ 60 mm. 
Length, upper molar series ________________________________ .________ 87 mm. 
Length, lower premolar-molar series ______________________________ i54 ·mm. 
Lengtn, lower premoTar se:ries _________________ .,___________________ 53 mm. 
Length, lower molar series ____ ,. ____________ ...: ___ ~ _______ _:---------- 102 inm. 
INDIVIDUAL TEETH. 
Upper Teeth I No. 17268911. Lower T~eth 1 NO.172689! N.o.88302 
Pm. ' , length 
-------------
21 mm. Pm .• , length 14 mm. 13.5mm. width __________ ~ ___ 14 mm. width . __ 10 mm. 9.8mm. 
Pm.', length 
-------------
22 mm. Pm." lengtb, 
--
19 mm. 19 mm. width ______________ 20 nun. width 
--
11 mm. 11 mm. 
Pm. ' , length 
-------------
18 mm. Pm. ~ , length 
--
20 mm: 21.5mm. width ______________ 25 mm. width 
--
13 mm. 13 nun. 
M.l, length 
-------------
24 mm. M.l, length 
--
25 mm. 25.5mm. width ______________ 26 mm. width 
--
19 mm .. 16 mm. 
M.' , length 
-------------
30 mm. M .• , length __ 31 mm. 31.2mm. width ______________ 28 mm. width 
--
20 Dim. 16.5min. 
M.', length 
-------------
33 mm. M." length __ 47 nun. 42 rom width ______________ 27 mm. width 
--
20 mm. 16 mm. 
The intermediate styles on the outer faces of the upper teeth, 
those between the horns of the crescents, are strongly developed, 
bE;ling broader than, an,d fully as prominent as, the primary ones. 
On the inner side of the upper molars, between . the two lobes, is · 
a strong column, which, as the tooth becomes worn, appears on 
the worn surface as a strong fold of enamel filling up the valley .. 
between the lobes. When the tooth becomes worn down to near 
the roots, this fold disappears. · 
In the lower molars the intermediate styles are on the inner 
side of the teeth and project strongly upward on the grinding 
face. On the outer face, filling 1!p the valley between the two 
lobes, is a column like that of the upper teeth, which, on wearing 
down, produces a similar fold of enamel. 
In his. monograph on The American Bisons, Allen has given 
measurements and figures which show that cannon-bones, both 
of t~e front and hinder limbs, are extremely \Tariable, especially 
. in the side-to-side diam.eter. The horns of this species are short 
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and stout, the circumference at the base being considerably.' 
greater than the length along the upper curve. They are some-
times only slightly curved, usually rather strongly so. They' are 
directed outward, more or less · downward and backward, then 
'somewhat upward. Usually a line drawn from .the tips of one 
horn-core to the other will fall behind and about on a level with 
the oc'cipital. crest. Often the forehead is ~ore or less inflated 
and then the horn-co·res are directed more strongly downward. 
The species may be distinguished in general by the sh'ort stubby 
horn-cores directed outward and backward. The horn-cores of 
. the . fema~e are smaller and slenderer than those of" the male.:' 
Plate XXXVIII presents views of the skull and of the upper and 
lower teeth. The figures have teen reproduced from Allen's 
work on American Bisons already referred to. 
. ~ ., 
The American Bison, in the early part of the last century, was 
~n abundant ,animal probably all over the state of Iowa. In order 
to present its histoTY within the state from that time to its COlll-
plete disappearance; the following extract is taken from Allen's 
Monograph, pages '142-143: 
It thus appears that the buffalo lingered in western Missouri 
till abo'ut 1820 to 1825. They pr9bably disappeared from south-
ern Iowa at about the same period, but .they existed for a much 
longer time in' the northern half of the state. In earlier times 
(a bout 1721), Charlevoix found ''-magnificent meadows" in 
southeastern Iowa, on Des Moines river, "quite covered with 
buffalo, and other wild creatures." Major Long, on a trip east-
ward from Conncil Bluffs in 1819, found" the skulls and other 
remains on the plains of the Nisluiabotna, and in one instance 
) discovered the tracks of a bull; "but," he adds, "all the herds 
of these animals appear to have deserted the country east of 
Council Blu:(!s." According to Assistant Surgeon Charles C. 
Keeney, the buffalo was sometimes met with on the open prairies 
a few niiles west of Fort Dodge! on Des Moines river, as late as 
1852 . . 
M. Belon, an old French voyageur, whom I met in 1873 on the 
Yellowstone, acting as intecrpreter for the expedition of that 
year, and who moved to Minnesota in 1837, informed me that 
buffaloes were abundant within fifty miles of St. Paul as late. as 
1836, and were common on the headwaters of Cedar and Des 
Moines rivers, on both sid~s of the Iowa and Minnesota boundary, 
. as late as 1845. They have, however, been for many years ex-
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tinct throughout 'the present state of Iowa, with the exception of 
the occurrence of a few stragglers in the extreme western coun-
ties. When I was in the western part of the state in 1867, I was 
informed that a few still remained in that section, and that up 
to th,at time one or more had been killed every year as far south 
a,s Greene county. They were. r'epl"esent~d as being more common 
farther north, but that no herds were met with south of Sioux 
river and rarely east of the Missouri. Those found farther east 
were onlY' stragglers from distant herds. Professor Bessey, of 
the Iowa Agricultural Oollege, infoFms me that a few were seen 
on the bottom-lands below Oouncil Bluffs as late even as about 
.1869, and also, at about the same time, in the northwestern part 
of the state-stragglers, of course, from remote herds. ' 
, The fossil remains of the American Bison are not infrequently 
found in Iowa, especially in the western part of the state. , In 
a letter addressed to the writer, dated March 9, 1910, Doctor 
OalVin Wrote: ' , , We have coi~ected a wagon load' or more of 
buffalo 'bones, including a number of skulls of bulls and cows, 
from a branch 'of Oedar creek, east of Turin, in Monona county, 
Iowa." These remains are in the collection of the University at 
Iowa Oity and have been seen by the writer. Regarding the age 
of these bones Oalvin wrote: 
. The collection represented in the photograph comes from beds , 
Of r:;tther uncertain age. They are relatively young; they may 
be late Pleistocene; they may be post-glacial. N ear the Mis-
souri river old valleys had been graded, beaver dams built across 
them; ap.d buffalo, elk and deer mired in the peaty swamps above 
the beaver dams. Some change of grade caused the valleys, in 
their lower courses, to be filled or aggraded to a depth of twenty 
or thirty feet. Recently another change of grade has resulted in 
re-e~cavating the valleys and the buffalo bones are now found at 
the bottom of these young, narrow deep gulches. 
The present writer is informed by Mr. Henry MoOall that a 
number of buffalo heads and elk horns had been picked. up on 
his father's farm, on Beaver creek, about seven miles north of 
Moorhead, Monona county. 
In volume xx of the Iowa Geological 'Survey, on p'ages 407-
~lQ, Pr9fes~or Shimek mentions various localities iii Harrison 
and Monona- counties where remains, of ,bison .- have been found. 
~e. describes particularly . the occurrence, of -the hones of . this 
animal on Beaver creek, and presents"a view' of the gully and 
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another of several skulls· and other -bones of the bison found 
here . . Another Iocality is near Lagan, in Harrison county, on 
Hog creek. " 
:pr,of. Fr~n~ A. ~ilder (~eoI. Sur:v. Iowa, Vol, .x;II, p. 190)', re-
ported finding .many bu~alo· rem!'1ins, ' especi&lfy~ \ ~!;leth., . in the 
second terrace, at th~ mouth of a ravine" t:m:~ ;an.<l a, half miles . 
north , of ~ehigh, Webster county. :wtth. . tpEt~e ,'Y,~re m~ngled 
' articles of Indian ~9rkni~nship. ,He :r.n:en,tiq,:ged el?pecially .a 
double ring which had been carved from a bone. It was Profes-
• I j ~ ~ ~ ..... f" • _, ~ ~ I. ' 
sor Wilder's' view .that these remains .were·probably of la,te datEl. 
They were coverecf by six ' feet . o~ : si~t~ ~ on .w ~i~h we'r~ ~owin:g 
.tree$ of ,considerab~e size. . _.,' j : ' . . .' .' , . . 
IIi. the U. S .. NatIonal Muse:um tHere IS a part of 'a skull of !it 
.buffalo (PI. XXXIX, fig: 1) which was found 'in 1901, near De-
joit, C.r'aWford county. It lacks 'the ,muzzle, .the whole of the 
upperj~w 'ar;; w:elLas the lower"and the whole' of ,the cranial base'. 
The hOl,'n~c.ore.s are' prese:nfa.nd have a length' of only 136 rrlIQ: 
along .the .lower ' curv:e .and a: ' fore-and-aft .diameter ,of 52 ,mm~ 
The greater part of the occipito-parietal suture is yet open. ' The 
bone is stained of a dark brown 'color, appears to ,be pretty weli 
mineralized; .and does not adhere to the tongUe. The skull was 
evidently that .01 a rather young animal, probably a female. This' 
was found by Mr. R. H. Ohildress, while excavating a short canal 
along the railroad for the purpose: of straightening Boyer river 
at that point. The skull and an anterior dorsal vertebra were 
met with at a distance of seventy-five yards from the main chan-
nel of the stream, at a depth of eighteen feet below the surface 
and six feet beJow the bed of the river. As to its age geologically 
one cannotbe certain in such a case; but' it 'is doubtful that it 
.belongs to the Pleistocene. It had, however, been buried a long 
time, for since its burial the stream-must have changed its chan-
nel and refilled the old one. , 
The ·width of 'this skull at the rear of the orbits IS ' 275 mm.; 
between-the orbits and the ' horn-cores, 225 mm . 
. In the collection at G-rinnell· Oollege, Grinnell, ' Iowa, ,there 'is 
a ' partial . skull of Bison .bison.. It -lacks ·the lower jaw ' and the 
bones i:ri. fro'nt of the orbits, ' This skull was found in-digging' a 
well near Hubbard, Hardin county, It was deposited in the col-
-. 
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lection by Dr. N. C. Morse, of Eldora. It is very heayy and 
appears to be quite thoroughly mineralized. The region is cov-
ered with Wisconsin drift . . 
Prof. Lynds ,Jones, of Oberlin College, Ohio •. has informed 
the writer that in 1886 he found the skull of a bison at a point 
. 'about five miles west of Grinnell. It was placed in the museum 
of the Chapter of ,the. Agassiz . Association at Grinnell, and it 
may now be in the museum of Grinnell College. 
. ' 
Certain bison remains are .known which are not determinable. 
In the collection at Princeton University are two cerVical and 
t,hree do~sal vertebrre which are' said to have been taken from the 
bank .of Cedar river, at La Porte City, in the .southern part of 
Black Hawk county. There appears to be no means by which 
these can be distinguished from the corresponding bones of either 
. of th~ existing bison, or some of the fossil species. The greatest 
with of the axis is 195 mm. It is therefore not so large' as. that 
of the specimen whose 'measurements have been given above. 
The region about La Porte City is covered by Iowan drift and 
this. overlies the Kansan. It may, however, easily be that com-
paratively recent deposits have been laid down along the river. 
In the United States National Museum is a right lower first 
true molar (No. 1600) which was sent there in 1892 by Dr. V. D. 
Merrill, from Bear Grove, Guthrie county. The tooth has lost 
aU its animal matter.. . No details regarding the exact place 
where found, the kind of soil and the depth,' have been preserved, 
if ever furnished. Bear Grov;e is located on Kansan drift, but 
this drift is overlain by lQess'. It would have been of some in-
terest to know from which deposit,. if either, the tooth was 
derived. ' , 
Cranial bones and teeth of probably this species were reported 
by W J McGee (11th Ann. Rep., U. S. Geol. Surv., p. 431) 
from near Floyd, Floyd county. . They were found at the bot-
tom of fifteen inches of light brown loam, near the top of a 
twenty-five-foot section along Cedar river, They were accom-
panied by univalve shells of recent species and partly miner-
alized wood. 
'\ 
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Bison antiquus Leidy. 
Although this species has not been reported from Iowa, it is 
quite certain to be found there at some time and for that reason' 
a brief description is here presented of it. The type specimen 
was found at Big 'l~one Lick, Kentucky, a few miles below Cin-
cinnati; ,a skull referred to the same species was described fro~ 
Oalifornia; and a third specimen, which was found near Vin-
cennes, Indiana" is in Earlham Oollege, Richmond, Indiana. 
Fig. 100 
Fig, 101 
Figs: '100, 101. Bison amiquus. Skull found at Vincennes, Indiana. 
100, View from above. x ,115. 
101. View from rear, x .115. 
A figure of a fourth specimen found at The Dalles, Oregon, 
was published by Thomas ,Oondon (The Two Islands, pI. xxix). ' 
The species appe'ars,. therefore, to have ranged over a great 
. part of the United States~ . 
The chief characteristic of this species is found in the size 
and ,direction of the horn-cores. Figures 100 and 101 are taken 
from the skull at Earlham Oollege. On examining figure 100 
,; ~' . 
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it will be seen that, in a face~iew, . the horn-cores: start o~t at ' 
right angles with the midline of the 'face. In the other bisons 
the axis of the horn-core is directed nearly' toward the orbit 'of 
the opposite sid~ . . Figure 101, present~ng a view of the skull 
from the rear, shows that the .hol'D~core.~ · pass at- first ·outw.ard 
and somewhat downward, and that the', extremities ' do not rise 
much ab~}:ve the skull . . The following ' rileasu:reinents are give,n:, 
. MEASU~EME:NTS ON SKULL OF BI.SON ANTIQUUS. 
Width at ear-openings _______________ .:. __ ~ ____ :.._'~__________________ 310 IPID. 
Widtll at rear of orbits ____________ .:. _____ .:..:. ______ . ___ ~_..:___________ 360 nun. 
D~st~ce between 1?ases of horn-cotes -:~:..--------------------_--~_- 400 mm. . Dlstan"Ce between tIps of horn-cores __ ,. __ :.. ___________ ,_:.. ___________ .-- 880± mm . 
. Circumfeten.c.e of base of horn-cores . ________ ..: ______ -______________ 290 nun. 
Diameter of base . of horn-core, fore-and'aft _. ___ ~ ___ ~ __________ ._ ~~ ~ 103 mm. 
Diameter of base of'horn:core, vertical ' ____ :..-. __ ~' ..: __ _;-----.:.'--.::-:----- 90 nun. 
Additio~al measurements aregJ.ven in V'olume XXXVI of the 
. l 
· Indiana Geological Survey, on p~g~ ' 651. / 
In·the National MuseUm:is a bison tootl/which bears the cata-
log )lumber 2082 and which is labeleq as having been sent by 
Claude D.' Brown, from Des Moines, /Iowa. It is the left third 
~1pper molar and is only m~derateiY . worn. It is heavy and 
thoroughly mineralized and is o( ·fi blue color. A considerable 
part of the cement' is retained. The writer finds no characters 
by which it can be distinguished from teeth 'of the existing 
American buffalo, bu~ its con9,ition · o.~ . fossilization ma~esj- it 
probable, that · the tooth came from some deposit of older <;late 
t.han. ·th~ . rece:tit s?}ls, sands and . gravels 'ip :which, S.9 .far as 
we know,' Bison -bison , occurs. The tooth does not :present the 
third pillar on the anterior half of the outer. face which is pres-
ent in the last molar of the specimen of B. occidentalis descJjbed 
on page 320. The toqth is quite certainly not that of B. lati-
frons .or of B. regius. · It might be 'that ofB. antiquu8; but the 
· teeth of this are unknown. It , is to be r.egretted that no data 
regarding' the . exact locality, the kind of matrix, and the depth 
have · been secured. Such -teeth are of practically no scientific . 
· value, except to point a protest against such .careless colleCting. 
,. 
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, Bison occiqentali~ Lucas: 
The type of this species consists of the rear of the skull with 
both horn-cores, the tip of the left one missing. It was found at 
Fort Yukon, Alaska, by'Sir John Richardson. It is now in the 
National M.usEmm and ' has the catalog number 4157. It was 
named and described by Lucas in 1899 (Proc. U. S. ·N at. Mus., 
Vol. XXI, p. 755, pI. lxv). It is here illustiat~d by two figures 
(PI. XXXIX, figs. 2, 3), one presenting a view of the face, the 
other of th.e rear. The measurements obtained fro~ this skull 
~re presented in the first column below. 
The most complete skull of this species, so far as the writer 
knows; is one in the American Museum of Natural HistorY, 
New York. Two views of it are shown here, due to the, liberality 
of the officers of that museum (PL XL, figs. 1, 2).. Its dimen-
sions are presented in the second column of the table below. 
This skull was found in the Fox Gulch Mine, near Dawson, 
Yukon Territory. It lacks, as most specimens of bisons do, the 
lower jaw. The premaxilla, maxilla, and lachrymal bones of 
the ri'ght side are gone; and in the specimen, as exhibited, 
these have been re~tored in plaster. . The true molars ' of the 
left side are present; ,but they are somewhat shattered, and are 
therefore not figured. In the third column are presented the 
measurements obtained from a mounted specimen in the Uni-
versity of Kansas. This will be further mentioned below. 
MEASUREMENTS TAKEN ON SKULLS OF BISON OCCIDENTALIS. 
I Type 
--~----------'-----------------
Length from rear of occipital condyles to 
, front of premaxilla ______________________________ _ 
Length from , lower lip of foramen magnum . 
t9 .front , of premaxjlla. ____________________________ ~ 
Length from occipital protuberance to front 
. of premaxilla ~ _____________________________ '-_____ _ 
Length from occIpital protuberance to rear 
I .of nasals ____________ ' _______ -' __________ .:_ 266 'mm. 
Distance from upper lip of foramen mag-
I num to occipital crest ______ ~_________ _ _ 107 mm. 
. Distance between bases of horn·cores __ '____ 297 :mID. 
Width of skull at ear-openings ____________ 273 ,mm. 
Width at hinder endS of temporal fossae __ . 175. mm. 
I No.1S721 I University 'Am. Mus, of Kansas 
573 mm. 600 mm. 
537±mm. 560 mm. 
600 mm. 615 mm. 
285 mm. 271 mm. 
110 mm. 
-----------335 ' mm . 370 II).IIl. ' . 
280 mm. 305 mm. 
200 mm.' 195 mm. 
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MEASUREMENTS OF S;KULLS OF BISON OOOIDENTALIS-Conchided, 
Type I No, 13721 I University Am. Mus. of Kansas. 
Width at constriction between orbits and . horn· coreS _______________________________ 297 mm.. 295 mm. 
Width at rear of orbits ____________________ 355 mm. 355 mm. 
Width of muzzle at maxillo·malar sutures__ ___________ 235 mm. 
Width of palate between hinder molars____ ___________ 132 mm. 
Diametel of horn·core', lore and afL_______ 102 mm. 118' mm. 
Diameter ' of horn·core, vertical ____________ 96 mm. 95 mm .. 
Circumft!rence of base of horn·core ________ 300 mm. 320 mm. 
Length of horn·core on upper curve__________ 298 mm. 355 mm. 
Length of horn·core on lower curve ____ ____ 365 mm. 420 mm. 
Distanct between tips of ·horn·cores_________ 700-:!:::: mm. 920 mm . 
From occipital protuberance to line join-ing rear of orbits ______________________ 231 mm. 226 mm. 
360 mm. 
397 mm. 
107 mm. 
92 mm. 
325 mm. 
310 mm. 
375 mm. 
. 88G mm. ' 
The following are the 'dimensions of the three molar teeth in 
the specin;ten in the American Museum of Natural History. 
In the . second and third columns are presented the measure-
ments of the corresponding teeth of the American bison, the 
stage of wear being a bout the same: 
MEASUREMENTS OF MOLAR TEETH. 
Teeth 
B. occidcn- B . bison I B. bison 
talis 13721 22638 22l{74 
A.Y.N.H. U.S.N.M. U.S.N.M. 
I 
. 
Length of the molar series 
------------------
92 mm. 92 mm. 93 mm. 
M.l, length 
--------------------------------
25.5mm. 26 mm. 26 mm. width __________________ 
---------------
26 mm. 25 mm. 26 mm. 
M.', length 
--------------------------------
31 mm. 33 mm. 33 mm. 
width --------------------~--------~--- 29 mm. 25 mm. 28 .mm. 
M. ", length 
--------------------------------
33 mm. 33 mm. 34 rom. 
width 
---------------------------------
29 mm. 23 mm. 27 mm. 
It will be observed that the teeth. of the fossil 'species differ 
little if any in size from those of the existing .American bison. 
However, a difference is seen in the last molar of the two 
species. On the anterior half of the outer face there are three . 
styles which descend from the bases of the tooth, instead of tHe 
two in the existing ·bison. That is, the deep valley or groove 
just opposite the posterior horn of the anterior crescent of 
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. Bison bison is, in B. occidentalis, occupied by a style about 
. equal in diameter to the styie just behind it and belonging to 
the hinder half 'of the outer face of the t9oth. This extra style 
is not present in the other two molars . . 
It will be seen that in various ways this specimen differs 
from the type. The skull has exactly the same width, 355 mm., 
at the rear of the orbits; and the cranIal length (from middle of 
occiput to line joining the rea~ of the orbits) is practically the 
same. Nevertheless, other dimensions vary considerably. Simi-
lar variations' may be observed on comparing a number of 
:::;kulls of the existing bison. It might be possible, by interpret-
ing too strictly such variations and having a limited number 
: of spe'cimens, to divide B. occidentalis into two or more species. 
In the University of Kansas, at Lawrence, is the near-ly com-
plete skeleton of a specimen of this species. This was found, . 
together with remains of six or seven other individuals, .near 
Russell Springs, Logan county, by Mr. H. T. Martin, many 
years ago. It is represented by the drawing (Fig. 102) . It has 
already been described by Stewart, Lucas, McClung, and the 
present writer (Proc. U. S. Na,t. Mus., Vol. XXXV, pp. 169-173, 
\ . 
figs. 4-6). In the paper just cited 3;re many measurements and 
corresponding measurements of .the bones of an American bison 
mounted in the National Museum. Many of the bones are some-
what larger than the corresponding ones of the bison with 
which they are compared; but that bison is not a large one. 
'. The extinct species described was probably of about the size of 
the existing one. Some differences in proportions of some of 
the ,bones are indicated; but further comparisons need to be 
made to establish this. 
As is to be expected, the horns which ensheathed the cores are 
almost always missing, as a result of decay. Nevertheless, in 
Alaska have been found specimens of this and other species in 
which the horp.s are p~eserved. A fi,gure of a .specimen of B . 
. dccidentalis with the horns is shown in the writer's paper just 
. referred to. 
In the Eleventh Volume of the Iowa Geological Survey, p. 160, 
J . A. Udden reported t,he discovery of a pair of horn-cores 01 a 
21 
. \ 
Fig. 102. Bison occidentalis. Skeleton of specimen found In Logan county. Kansas. 'Now In University of Kansas. 
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bison in Pottawattamie county. These had been met with in 
digging a well, at a depth of fourteen feet, ;;tnd they occurred 
in the loess. The locality is given as being' rie~t the quarter ' 
post Of the east line of section 28, James township (township 
76 north, range 40 west). ' U dden gave the following dim en:" 
sions: 
Measurements . I Right corel Left core " 
Largest cir~wpference . _______ : _____ ~___________________ 285 mm. 285 mm. 
Length measJ,lr.ed along inner curve ___ ~ ___ ,_____________ 300 mm. 290 mm. 
Length measured along outer curve ___________ :. _____ "___ 370 mm.. 360 mm. 
Depth of iIlI!~+ curvature _________ ". _____ .., ________ '-.,____ 59 mm. 52 mm. 
" Udden identified this specimen as Bison latifrons, but ,doubt-
less he employed this term in the broad sense that Leidy gave 
it. The shortness of the horn-cores shows that it must have be~ 
' longed to the existing bison, to B. occidentalis, or to B. antiquus . 
. The fact that ~he length of the cores along the inner (or upper) 
curve exceeds somewhat the circumference at the base makes it ' 
probable that the skull was not that of B. bison. The position 
of the specimen in the loess also make~ it improbable that it be:" 
longed to the species just named. The facts in our possession do 
not enable us to decide between B. antiquus and B. occidentalis. 
Inasmuch as specimens of the latter are more abundant, the . 
probabilities are in favor of it. 
In the National Museum is a complete left horn-core attached 
to the greater part of the frontal bone of that side, together with 
a part of the left temporal. This specimen, which has the cata- . 
log number2349, was sent to the museum in 1878, by Mr. Charles 
Aldrich, of Webster City, Hamilton county. In a letter dated 
May 6, 1878, Mr. ' Aldrich' stated that he had, the day before, 
found the horn-core and frontal bone sticking up out of a gravel 
bar in the river at that. place, which river is the Boone. He 
further stated that sinlilar dark colored, mineralized, half-petri-
fied bones and teeth were sometimes fomid in the gravel beds of 
the river,but he had ;egarded them as belonging to the elk or 
the buffalo .. 
The specimen (PI. XL, figs. 3, . ~) is stained brown and the 
bone is not adherent to the tongue. , It evidently belonged to a 
.. 
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rather young animal, since the sagittal and coronal sutures ap-
pear to have been yet open. N evertlieless, the dimensions are 
those of a grown anirp.al. The following measurementshatve 
been secured. Those involving the opposite of the skull are 
necessarily estimated ': 
Distance between the bases of the horn-cores ____________ .: _________ 326 ± mm. 
Width at rear of orbits ___________________________________________ 340 ± mm . 
. Width at constriction between orbits and horn·cores ______________ 2110 ± mm. 
Distance between tips of horn-cores _______________________________ 800 ± mm. 
Length of horn-core along upper curve ____________________________ 300 mm. 
Length of horn-core along lower curve ___ :.. ________________________ 375 mm. 
Length from upper border of base of horn-core to tip, straight __ ~65 mm. 
Farthest distance of upper curve from the preceding line_:..______ 70 mm. 
The index of curvature of the horn-core, obtained by dividing 
the length along the lower curve, multiplied by 100, by the chord 
of the upper curve (here 265) is 142, which is within the varia-
tions found in the horn-cores of B. occidentalis. The core is not. 
flattened as much as is usual in the horn-cores of this species, but 
th-ere is much variation in this character. There appears to be 
no sufficient reason for not referring the species to B. occi-
dentalis. 
The chief interest in this specimen is found in the fact that 
the locality is in the heart of the Des Moines lobe of the Wiscon-
sin drift. The ' writer has held that no remains of an extinct 
bison has ever been found in deposits overlying the Wisconsin 
drift-sheet. 'Was this horn-core derived from such deposits' 
It is not probable that it was originally "found in this drift itself. 
Was it. derived from some older interglacial deposit which has 
not yet been recognized there' 
. Accord~ng ' to T. H. Macbride's report on the geology of Ham-
ilton county (Iowa Geol. Surv., Vol XX, pp. 125, 128), the 
. Wisconsin of this county is underlain by Kansan; and' this is 
exposed at places al<;mg Boone river, near Webster City. Within 
the limits of the town there is an exposure of about seventy-two 
feet of · the Wisconsin; but Macbride concluded that the bed of 
the river was formed by the blue clay (Kansan). There is a 
possipility, to say the least, that the horn-core. in question; as 
well . as the other bones and teeth mentioned by Aldrich, had 
been washed up out of some as yet unrecognized pre-Wisconsin 
interglacial deposit at that place. 
REMAINS OF BISON FROM DENISON . 3.25 
In the collection at the University of Iowa are some bison 
remain~ which were found in what is regarded -as post-Kansan 
deposits at CorrectioIiville, Woodbury county. One specimen, 
No. 350, is a horn-core ; No. 353, the base of a skull. Both of 
. these were found in the Welch gravel pit. The horn-core gave 
the 'folloWing 'measurements: 
MEASUREMENTS OF HORN-CORE NO. 350. 
Length along. the upper curve ___________________ .:__________________ 292 rom. 
Length along the lower curve ________________________________ =_____ 365 rom. 
Circumference of base ___ :.________________________________________ 285 mm. 
Fore and aft diameter of base ____________________________________ 95 rom. 
Vertical diameter of base ______ .____________________________________ 80 rom. 
It seems probable that the horn-core and the fragment of skull 
belonged to the same individual. A fragment of a left scapula 
::.lso was found at Correctionville. This fragment rises· 204 mm. 
above the glenoid fossa. So far as observed the scapula does 
not differ from that of Bison bison; but it probably belonged, as • 
did the skull remains, to B. occidentalis. 
In a gravel pit west of the railroad station at Denison, Craw-
ford county, there was found, in deposits of uncertain age, a 
large scapula, which appears to have belonged to a bison., The 
bQne is rather light but seems to be mineralIzed and rings on 
being struck. It is referred provisionally to Bison occidentalis. 
The following measurements were taken and these are placed 
alongside of corresponding ones' from a scapula of the American 
bison in the National Museum. 
. MEASUREMENTS OF SCAPULA. 
Fossil Recent 
Total length' parallel with the spine ____________________ 485 rom. 495 rom. 
Greatest width of upper border _._______________________ 220 rom. 295 mm. 
Greatest diameter of neck of the bone__________________ 69 rom. · 87 mm. 
Elevation of crest of spine above the bone behind it____ 37 rom. 58 rom. 
In another recent bison scapula measured the width of the 
upper border was 235 mm.; greatest diameter of the neck, 75 
mm.; and the elevation of the spine, 50 mm. Much variation is 
thus indicated . . 
• 
' . 
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. . 
Bison alleni ¥arsh. 
This species has not yet been reported from Iowa, but ·there 
is every reason for believing that it will be found there. The 
' type specim'en, an imperfect horn-core now·in Yale University, 
was found in Blue river, near Manhattan, Kansas. There is a ' 
much better specimen -in Stanford ,University, California, which 
was obtained near American, Falls, Idaho. In the National 
Museum are some injured horn-cores which were found near 
Minidoka, Idaho. In tlie same museum is a fine specimen ~hich 
consists of the :rear of the skull wit1;l ~otp.. ~orn-cores;~ and these 
are covered with the horn-sheaths. -This was found neat Ram-
part, Alaska: , There is still another ' specimen in this n;nlseum, 
which presents. the nearly complete skull and five neck vertebrre. 
The 'horn-cores are complete' and the larger part of these is en~ 
Fig. 103. Bison alIeni. View of skull from behind, showing curvature of the horn-
cores. x .18 . . From Alaska. " , 
sheathed by the horns. Figures of it are here given (Pl. XLI, 
figs. 1, 2; text fig. 103). This specimen also was found near 
Rampart, Alaska. 
, The species is characterized by moderately long horn-cores; -, " 
which are directed outward and upward and slightly backward 
(Fig. 103). When the horns are ' present the extremities ar,e 
directed somewhat towards each other. The horn-cores exceed 
in length . the distance betwe-e'n their bas~s by nearly one-half, 
. . 
and the ' circumference 'at the base by about one-quarter of the · 
hitter. The length of the horn-core, measured on the upper 
curve in the specimen here figured, is , 600 mm.; in the Stanford 
Unive'rsityspecimen, 720 mm. 'The circumference at the base of 
the horn-core in the specimen here figured, is 340 mm.; in the 
Stanford University skull, 480 mm. 
THE SKULL OF BISON REGIUS 327 
From the Cox pit at Missouri Valley were obtained the distal 
ends of two cannon-hones of some large ruminant. One of these 
was figured by Calvin. (Bull. Geol. Soc. Amer., VoL XX, p. 350, 
pI. xiii, fig. 3). It is almost certain' that they belonged to 
some species of ~ison and the writer refers them provisionally 
to B. alleni. This is done especially because B. alleni has 
already been found associated with a species of camel, Camelops 
huerfanensis, just as at the Cox pit have ' been found camel re-
mains belonging probably to Gamelops. Much better materials 
are needed in order to decide finally the specific relationships 
of . the Aftonian bison . 
. Bis01~ latifrons Leidy. 
This is anoth~r species of extinct bison which has not yet been 
. brought to light in Iowa, but which may be expected. -The 
original specimen was found at Big Bone Lick, Kentucky, and 
consists of a fragment of the skull with the base of the horn-
core attached. The best specimen kno~n was found in Adams 
county, Ohio, and presents both horn-cores complete and the in-
tervening part of the forehead. Plate XLII, figure 1, arranged 
from a plate in Allen's work on American Bisons, gives a view 
of these enormous horn-cores. They have each a length of 
about 828 mm. along the upper curve and a circumference of 
507 mm. at the base. It ·will be observed that the curvature is 
moderate. Other specimens of this species have been reported 
from Texas,Arizona, Georgia, SoU:th Carolina, a;nd Florida. 
Bison regius Hay .. 
Only a single specimen, the type skull in the American Museum 
of Natural History, at New York, is known.; but some of the 
materials referred to B. latiirons may really .belong here. Two 
views are here presented of the type specimen (PI. XLII, figs. 
2, 3). This skull was found near Hoxie, Sheridan county Kan-
s~s, in 1902. It ts characteriz~d by its long, slender, and much 
curved horil-cores. The distance between the bases of the horn~ 
cores is 362 min.; the length of the horn-cores, on the upper 
curve, 910 mm.; the circumfere;nce, at the base, 478 mm. Re-
mains of this species are to be expected in Iowa. 
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Order Probosci,dea. 
The Elephants and Their Kindred . . 
"Mostly large mammals; ~he feet al~ with five digits; those of 
each foot bound together in one mass, and each ending in a hoof. 
One pair of incisors in each jaw,or ·missing from one or both 
jaws. Teeth formed of cones, usually in pairs forming trans-
verse ridges, or of thin plates bound together by cement. Snout 
usually forming a long proboscis. 
This group' embraces many extinct for.ms, as well as the exist-
ing elephants. 1 The extinct forms are the stegodons, the bunolo-
phodons, the mastodons, the dinotheres, the' palreomastodons, 
and the mrerotheres . . ,None of the last three groups are found in 
America. Fossil elephants and mastodons are lmown from all 
the great divisions of the globe except Australia. 
' .' , 
We have reason to believe that the original home of .the order 
was the continent of ,Africa. From here the ancestors of the 
later forms made their way into Europe and southern Asia, 
meanwhile undergoing continual transformations. From south-
ern Europe their descendants migrated over Europe as far west 
as Ireland and as far north as Scotland, Denmark and Russia. 
~rom India certain species extended probably northeastward 
into Siberia and crossed over a land bridge that was located 
probably in the region of Bering Strait. Thence they spread 
over the whole of 'North America, through Ceniral America, and 
over South America. 
So far as known, all members of this order were herbivorous 
in their eating habits. All the members of the Proboscidea with 
which we have here to deal belonged to the succeeding family. ' 
Family Elephailtidae. 
The Mastodons and Elephants. 
Proboscidea in which the outer nares are placed somewhat 
behind the orbits; symphysi~ of ,th,e lower jaw, short, usually 
without tusks, if present, relatively small; the upper, tusks uS,u-
ally cu;rved more or less strongly upward, sometimes with a band 
of enamel; ,cheek-teeth six in each jaw, in the ,cour,se of the 
animal's life, the later ones. succeeding the ' earlier from 'behind. 
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This family; is represented in North America by several extinct 
species. The best known of these are the common mastodon 
(MaYlnmut americanum), the hairy mammoth ' (Elephas. primi-
genius), and the Columbian mammoth (E .. columbi). 
The charaCters which distinguish this family are mimerous 
and many of thj:lm very striking. Its members have.; , almost 
always been animals of great size. All are large of body;-thick-
skinned, straight-limbed, and heavy-footed. The skl'11 is 'large, 
not from the magnitude of the brain, but because 6f tbe. enormous -
developmEmt of air-cells between the outer and inner piates of all 
the bones of the brain-case and of most of those of the face. 
The teeth are remarkable for their form, structure, and man'..:' 
ner of appearance in the jaws. In the upper jaw there is always 
present (at least in the males) a pair of incisors, which project 
from the mouth as tusks and sometimes reach an enormous size: 
There may be another pair of tusks in the lower jaw; but, if 
developed at all, they are usually of small size. _ There are never 
any canine teeth. During life, if sufficiently prolonged, there 
appear on each side of each jaw six cheek-te~th; but not, more 
than four of these are in place at once, sometimes only one. The 
earliest formed teeth are small, and of simple structure. One 
after another, younger, larger, and more complex teeth corrie 
up behind the first formed teeth and displace them; the sixth 
appears last of all -~nd is retained until advanced age. The 
anterior three in each side of ,each jaw are usually milk-teeth, 
but, inasmuch as, in some extinct forms, they, or some of them, 
were displaced by successors arising beneath them the latter 
would be properly calle,d premolars. 
In the vertebral column there are seven neck vertebrre; 
twenty-three presacrais, nineteen or twenty of which bear ribs; 
four sacrals, and as many as thirty-one caudals. The shoulder-
blade is broad, and it has a much expanded spine. _ The humerus 
is long; the radius is' slender and crosses the front of the lar,ge -
ulna. The carpals, or wrist bones, are broad and flat; and they" 
and the short metacarpals for the most ,part form vertical 
series, not interlocking as they do in-most hoofed animals. There 
,are five digits, all with short phalanges and terminating in small 
ho'Ofs. 'The bones of all four feet are in life bound together into 
'. 
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one mass. , Beneath and behind the digits is a great, pad of 
elastic tissue. 
The · pelvis is large, and the nearly flat hip bones stand out 
vertically and at right angles. with the vertebral column. The 
socket for the femur looks nearly downward. The femur is 
long and . is without the third trochanter, the process so con-
spicuous on the inner side of the thigh bone of the horse. The 
straight and slender fibula runs down on the outer side of the 
large tibia, and it articulates with the massive but short cal-
caneum, or heel-bone. The hind foot . resembles in form the 
fore foot, but in life the toes do not stand so nearly per-
pendicular. 
At leasr four genera of this' family have, in the past, existed 
in North America, Bunolophodon, Rhabdobunus, Maminut and 
Elephas. . 
Genus MAM~IUT Blumenbach. 
The Mastodons. 
Elephant-like animals which differ from the true elephants in 
the character of their teeth, the grinding surface of the tooth 
being crossed by from two to five roof-like ridges separated by 
wide, ope·n valleys; each ridge, in the little-worn tooth, divided 
by a sharp, longitudinal furrow into an inner and an outer cone. 
Crown not so high as· it is in the elephants. Uppe~ jaw with 
well-developed tusks which are without enamel ~and; the lower 
jaw sometimes with one or two short tusks . 
. ' The genus is represented in the Pleistocene of North America 
oy at least two species, Mammut l americanum and M. pro-
genium. lIf. ame1"icamtm forms the type of the genus, which has 
in the past been usually known under the .name Mastodon. M;:tm-
mut" however, is the earlier name. . 
M ammut americanum (Kerr). 
The American ' Mastod~n. 
Teeth of simple pattern, the grinding surface being crossed 
by from two to five ridges which are separated by open trans-
verse valleys. ·Lower jaw sometimes furnished with one or two 
short tusks. 
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Habitat, the whole of 'the United States; most, if not the whole, 
, of British America and Yukon Territory. Range in time prob-
ably from beginning to end of Pleistocene. 
This species (Fig. 104) is by far the best .:known of ,any of 
those belonging to the genus. Hundreds of specimens have 
come to light in the , course of the development of the resources 
of the country. 'The first published mentiop. of" its bones was 
made by the celebrated divine, Cqtton Mather, -i:ri) 717. Every 
year new finds are reported in the newspapers or ~ the scientific 
journals, as a result of excavations and drai:p.ing operattons. 
The mastodoii was an animal resembling' in general form the 
living elephants;. but it was at the same time more heavily built 
and had thicker, shorter legs, a deeper chest and much broader 
hips, than the Indian elephant .f~r example. 
A comparison of the mount~d -skeleton , of mastodon in the 
United States National Museum with that of the mounted ele-
phant, a male, twenty years old, shows that the average length of 
the bodies of the dorsal-vertebr~ ' of the mastodon is somewhat 
greater. (about 8 mm., or one-third of an inch) than that of the 
dorsal~ of the elephant. As to the bones of the fore limbs" the 
depth of chest and breadth of the hips, we find the following 
comparative measurements: . 
MEASUREMENTS OF MASTODON AND ELEPHANT. 
Humerus, length ______ ' _________________________________ _ 
Humerus, least Circumference ______________ :.. _~ ________ _ 727 mm. 355 mm. 
962 mm. 
310 mm. 
Ulna, length ______________________________ :, ______ ~ _____ _ 640 mm. 730 mm. Ulna, least circumference _______________ '______________ _ 258 mm. 248 mm. 
Femur,' iength _________________________ ~ _______________ _ 930 mm. 995 mm. Femur, least circumference ____________ -: ___ :.. __________ _ 327 mm. 298 mm. 
Tibia, length ' _____________________ ~ ____________ ,----------
Tibia, least circumference ____________ -:-: _______________ _ 535 mm. 25,5 mm. 
622 mm. 
215 mm. 
l)epth of chest at 6th rib ______________________________ _ 850 mm, 730 mm. 
Width across ilia _____________ ' ____ ______ .,_-' ____________ 1500 mm. 1030 mm. 
' :Note: The femur and the tibia of the mastodon measured above belong 
to another 'individual supposed to have been of about the same size as the 
one fUrnishing the other bones. Furthermore, the National Museum speCimen 
is a very small one . . 
\ . 
Fig. 104. Mammut americanum. Skeleton of a specimen found In Miami county, Indiana. Now In Public .Museum, Milwaukee. 
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It is the wish of the writer to present here such a description 
of the osteology of the common mastodon as will enable students, 
collectors, and accidental . finders of remains, to identify · th~ 
species. Of course, if some of the teeth have been found, ~ither 
alone . or with other parts of the skeleton, th-ese at once reveal 
the natu.re. of the remains . . However, bones without teeth come 
to . light sometimes, alid even single bones, and tlJ.ese. should, if 
possible, be made distinguishable from bones of. any of the 
species of elephants occurring in our region; Jmt the matter is 
not always easy; at present it is sometimes impossible. 
The skull (Figs. 104, 105; PI. XLIII, fig. 1) of the common 
mastodon resembles in a general way that of the' tru~ elephants, 
Fig. 105. Mammut americanum. Sld€ view of skull of specimen having a small 
tusk on the left side of the lower jaw. After Falconer and Cautley. 
but on close comparison presents important differences. For the 
most part these differences reveal a lower stage of modification 
thap. is seen in the elephants. Comparisons will be made with' 
the skulls of Elephas primigenius and E. columbi. 
The cranium is less elevated than in the species of Elephas 
just named. This is due to the fact that the diploic layer of the 
bones of this ' region is less developed than in the elephants in 
general. If in a skull of a mastodon a plane be passed through 
the occipital condyles and the lower border of the orbits, it :will 
be fou~d th.at the height of the vertex of the skull above this 
plane equals only about two-thirds the distance from the con-
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dyles ' to the ' orbits; whereas, in the eiephants mentioned, . the 
height of the vertex equals, " or nearly so, the whole of the dis-
tance mentioned. The alveolar border of the upper jaw lies be-
low the pla,ne men,tioned a distance equal to abo1.lt .one-third the 
distances from the condyles to the orbits; in the elephants~ a dis-
tance equal to nea:rIy ' one-half the distance referred to. This 
great depth of the upper jaw of the elephants' is due to the 
necessity for maki,ng room for the great molars. 
In the ma st6don the external nares are thrown back on the 
{~ce to a position between the orbits. In the elephants, they are 
l)laced above the orbits. In the mastodon 'the hinder, face of 
. the skull is nearly flat; in the elephants it swells out into two 
great lobes, ' one on each side of tl).e midline. Examination of 
the figures will show that the profile of the front of the skull of 
the mastodon is quite different' from that of the elephants. The 
lower jaw of the mastodon (PI. XLIII, fig. 2) is more elongated 
than that of the elephants and it is rather s:harply rounded at 
th,e angle; the lower jaw of the elep~ants forms on its lower 
border a broad curve from its condyle to , near the chin . . In the 
mastodon the ' horizontal part of the jaw is deepest behind; in 
the elephants it is deepest toward the front. In the mastodon' 
the coronoid process of the jaw rises as high as the condyles; 
in the .elephants not as high as the cqndyles. 
The teeth and tusk,s are more frequently found than ' other 
parts of the sk\'lleton; hence, some space will be given to de-
scribing them. The upper tusks are the most striking portion 
of the ske'Ieton; and the discovery of these often occasions 
'great excitement in the. neighborhood where they are found. 
They are often incomplete when found; more often they are 
damaged in 'examining them; and very often they crumble o'n 
' losing their moisture. The tusks' vary greatly' in dimensions 
according to the size, age, and probabiy, the sex or'the animal. 
Sometimes they attain a length of ten.feet or 'even twelve. They " 
may, in some 'ca.ses, have a diameter of as much as ten inches at 
the base: Rarely they ate nearly straight; usually moderately 
curyed (Fig. 104); sometimes strongly curve a spirally. 
r . At -:pre~ent the writer knows of 'no way in which to distinguish 
with any certainty the tusks of the mastodon from those of th~ 
' . 
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· elephants that Qnce inhabited . Qur ' country. The tusks' Qf the 
latter are likely. to. be ~Qre strQngl~ curved.' 
The IQwer jaw. Qf the mastQdQn has sQmetimes a single rela- , 
· tively small tusk (Fig. ;105); sQmetimes twO.; usually llQne. 
SQmetimes there is fQund at the chin aneQr two. sQckets . which 
once gave supPQrt to. tusks. These IQwer tusks are usually Qnly 
a few inches IQng; Qr they may have a length Of several inches. 
They are diminishing inheritances frQm ancestQrS which PQS-
sessed large IQwer tusks, tusks sQmetimes larger than the upper 
Qnes. The tusks, the upper, and pro. bably also the lQwer Qnes, 
were preceded by small milk-tusks; and these are not unCQmmQn 
objects. " .' 
. In Qrder to. illustrate the internal structure of the tusks Qf 
mastQdQns and elephants a figure is shQwn Qn plate LII, figure 
4. It rep.resents a part Qf a tusk Qf an elephant (mammQth) 
which was found in Alaska. It was split and somewhat weath-
ered, and shQWS that the tusk is made up.Qf a successiQn Qf hQl-
lQW CQnes, each Qne cQntained within its predecessQr. On the 
left hand is seen a part Qf the cavity in which was cQntained 
the great mass Qf pulp at the base Qf the tusk. The tusks Qf 
the mastQdQn are similarly cQnstructed. 
As already stated the cheek-teeth.Qf the mastQdQn, thQse em-
plQyed in the masticatiQn Qf the fQQd,. may rise in number, dur-
ing 'the life Qf the animal, ~o twenty-fQur, six Qn each , side Qf 
each jaw. Of these, six, nQt, mQ.re than three Qf the Qnes appear-
ing first are in use at th~ same time; Qften nQt mQre than two. 
(PI. XLIII, figs. 1, 2) Qf the later Qne.s remained, and in Qld age 
Qnly Qne. The first tQQth to. appear.is very small, the succeeding 
· Qnes are successively larger, and the last' and hindermQst is very 
large. The three frQnt teeth Qf the siX are knQwn as milk, Qr 
decidiQus, mQlars; the hinder three, as permanent mQlars. In 
great numbers Qf mammals' the milk mQlars are displaced by. a 
secQnd set, knQwn as premQlars. In the bunQIQphQdQns SQme Qr 
all Qf the milk mQlars were thus displaced and succeeded by. 
premQlars; but no. premolars have ever been Qbseryed in Qur 
mastQdQn. '· . 
Each hew tQQth that appears; bQth Qf the .milk series and of the 
· so-called permanent series, CQmes up behind its pr~decessQr, and 
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pushes it forward; and by' the time the older tooth is well worn 
down, it is pushed out, of the jaw by the newe'r one. There is 
usually to be found, respectively on the front and hinder ends 
of the tooth; a polishe~ area produced by contact with the pre- ' 
decessor 'and the successor. 
Each tooth consists pf the crown and the roots. The crown· 
is in proportion to its size rather low. In its unworn state, it is 
crossed by ' from two "to five prominent ridges, whose summits 
are at first sharp. However, soon after appearing through the 
gums the ridges began to be worn down by attrition against the 
teeth of the other j'aw and against the food. This usually con-
tinued until the crown was worn down to the roots. Inasmuch 
as the front 'end of each tooth first appeared outside of the gums 
and began to wear, this is' naturally worn down more than the 
hinder one. As the wear continued, the valley between the 
ridges gradmilly became shallower and finally disappeared or 
nearly so. An examination of a new or little worn tooth shows 
that there is a very shallow longitudinal valley which crosses all 
the ridges and divides each of them into an outer and an inner 
portion. These two portions may be known as the outer and 
the inner cones. Each cone may, when unworn, show two or 
three conules at its summit. 
In nearly all cases one end of each transverse ridge is nearly 
perpendicular to the grinding face of the tooth, while the other 
end slopes away less ,steeply from the apex to the base. The 
side . of the tooth on which the sloping ends of the ridges are . 
found is, on the lower jaw, the one next the cheeks, while in the 
upper jaw it is the one ?ext to the tongue. . 
Both in the lower teeth and in the upper ones, the cones which 
have th,e sloping sides, are buttressed by two strong ridges, one 
of· which descends on the front face from the apex ,to the base, 
the other on the hinder face of the cone. At the bottom of each 
transverse valley, the ridge .descending from the cone in front 
and that from the cone behind meet. There might be said to be, 
a ridge running from the front of the tooth to the rear over the 
peaks and across. the valleys. From' the disposition, Qf the 
cones it comes about that' when the upper tooth was brought 
against the lower, the strongly-buttressed cones of each tooth 
, . 
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fell between the cones having feeble or no buttresses. In the 
lower jaw, the weakly-buttressed cones, that is, those'with steep 
sides, are the highest; in the upper jaw, the strongly-buttressed 
cones are highest. As the teeth became worn down in mastica-
tion, it 'was the strongly-buttressed cones that suffered most; 
that is, the outer side of the lower teeth and the inner side of the , 
upper teeth, became worn down most. 
In the common .mastodon of our cpuntry there are two cross-
ridges on the first and second milk molars; three on the third; 
three on the first and second true molars; and four or fiv.e on the 
~third. This arra:q,gement is indicated by the formula: 
,j, j, t, t, t, !~~~ 
Each , tooth of the mastodon, even the relatively small first 
milk molars, has at least two roots. The larger ones have 
three or four roots, and some of these are partially divided by 
deep lateral grooves. There is a tendency toward the formation ' 
of two distinct roots for each transverse ridge, but this tendency 
is only partially achieved. The roots of the lower teeth differ in 
some respects from the upper ones, inasmuch as they spread 
laterally to a less €xtent. The roots of eacp. of the teeth will be 
described below. 
A complete tooth consists of three kinds of material. The 
greatest part consists of dentine, or ivory. Over this on the 
erown is a layer five millimeters, more or less, thick, of a harder 
substance, the enameL Over the latter, or a part of it, there may 
be a thin layer of cement, which extends down as a thin crust on 
the roots. 
The crown was the first part to develop. Figure 7 of plate 
XLV represents the crown of a large tooth that was not yet 
cut when the animal died. Figure 1 of plate XLVI represents 
the same tooth seen frorq. the opposite side. No' roots had yet 
become developed and the crown contained a great cavity that 
was filled with pulp. 
, In ' order to facilitate the determination of teeth which may be ' 
found, descriptions will be given of those' of both jaws, and illus-
trations will be furnished. Teeth which best illustrate the pecul-
iarities of each sort have been chosen without reference to the 
locality where they were found. " 
22 
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The teeth of the upper jaw will be first . described; and, inas-
much as the last or hindermost molars are the ones n;lOst often 
found, the description will begin with these. In .the upper teeth 
the ridges of the crown run directly across the tooth, and there 
are two roots at the front of the tooth, except in the case of the 
first and second milk teeth. 
Figure 3 of plate XLIII presents a side view of a moderately 
. worn third upper molar of the left side (No. 2220, National 
Museum), from Afton, Oklahoma. The extremity of the large 
hinder root is broken off and IS replaced III outline. In this 
• # 
.~ . 
Fig. 106 Fig. 107 
Figs. 106, 107. Mammut americanum. Sections across upper 'molars of left 'side re-
versed so as to ~ppear to be of right molar. x 'h. 
106. Last upper molar. Number 2220 National Museum. 1. Root supporting 
first cross-crest, ·on outer side of tooth; 1, 2, root supporting first and sec-
ond crests, on inner side; 2, 3, 3, 4, 4, root supporting remaining part of 
the crown. 
107. Second upper molar. Number 2261 National Museum. 1. Root supporting 
outer half of first cross-crest; 1, 2, root supporting inner ends of first and 
second crests; 2, 3, 3, root supporting outer end of second crest and the 
whole of the third. 
tooth there are three roots,viz.: outer anterior, which belongs 
to the outer end of the first crest; an inner anterior, which be~ 
longs to the inner ends of the :first and second crests; and a 
posterior, which supports the inner ends of the third and fourth 
crests and the outer ends of the second, third and fourth. , Fig-
ure 106 ' represents ' a section taken across the roots, but re-
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versed so as to show the arrangement of these in a tooth of the 
right, side, when viewed with the roots turned toward the ob-
server. The arabic numerals on the figure show the transverse 
ridges to which the lob~s of ,the roots belong., This tooth has a 
length of 168 mm.; a width of 92 mm. 
Figure 3 of plate XLIV shows the crown of , a large upper ' 
third molar of the right side (No. 2218, National Muselim). 
This, too, was found at Afton, Oklahoma. ,It had not yet been 
cut and is therefore wholly unworn. The 'buttresses on . the 
front and ' rear faces of the imier cones are weIi shown. The 
- length of this tooth is 184 mm.; the greatest width, 10& mID. 
The second, true molar is represented by Figure 1, of plate 
XLV. This shows the inner face of a left molar from Afton, 
Oklahoma (No. 2261, National Museum). It had only recently 
been cut and is worn just through the enamel ' of the cones of 
the first transverse crest, and very slightly worn on the second 
crest. The third crest is untouched. The extremities of all the 
, roots are damaged somewhat, but they had not yet completed 
their growth. The length of the tooth is 118 mm.; its width is 
96 mm. FIgure 107 is a' section ' across the roots, of which there 
are three. It will be seen that the roots ,were originally covered 
with a thin layer of cement. During burial this became black in 
color and much of it was dissolved. For sake 'of uniformity the 
drawing representing a section across the roots is reversed, so 
as to appear as that of a tooth of the right side, seen with the 
roots toward the obs~rv,er. 
Figure 2 of plate XLV shows the grinding face of ' a second 
, true molar, of the left side (No. 2258, National Museum). This 
tooth is worn On all the cross-ridges, so that islands of dentine 
appear on all th~ cones. On the first two ridges the bottom of 
the longitudinal valley had been passed, so that the isiands of the 
inner and outer cones had coalesced.' Had the wear proceeded a 
little further, the islands of the inner cones of the first and sec-
ond ridg¢s would have joined. The ' tooth has a length of 106 
mm. along the crown; a width of 89 mm. 
, , The first molar, represented by 'figu~e 3 of ,plate XLV, is taken 
, from a considerably worn tooth found at Afton, Oklahoma (No. 
2243, Natio'nal Museum). It i~ ~ toot.h of the right side and is 
, . 
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87 mm. long and 68 mm. wide at the second ridge and 71 mm. 
at the third. It is considerably worn by mastication. The 
position. of the first crest forms one great island of dentine sur-
rounded by an ellipse of enamel. The two islands 'of dentine of . 
the second ridge are joined by an isthrilUs. Four small islands 
are seen on the hind~r crest, one of them belonging to the 
hinder buttress of the inner cone. . 
The roots of this tooth diverge considerably to the right and 
the left. Figure 108 represents a section across these roots, 
four in number. The pulp cavity had di~appeared. 
The thi.rd deciduous, or milk, molar is usually smaller than 
the first true molar, but sometimes there is little difference and 
, occasionally it is difficult to distinguish the ' two. This milk 
. ~ C=:Q g G[bfl 
~ .~ 
Fig. 108 Fig. 109 FIg. 110 
Figs. 108-110. Mammut americanum. Section across root~ of upper teeth of the 
right side. x %. 
108. First molar. Number 2243 National Museum. . 1, root supporting outer 
end of first crest; 1, 2, root Suppol'ting Inner ends of first and second crests ;. 
2, root supporting outer end of second crest; 3, 3J root supporting t he third 
crest. 
109. Third milk molar. Number 2236 Nationa l Museum. 1, root supporting 
oute r end of first crest; 1, 2, root supporting inner ends of firs t and second 
crests; 2, 3, 3, root supporting outer end of second crest and whole of third. 
110. Second milk molar. Number 6689 National Museum. 1; 1, root support-
ing first crest; 2, 2, root supporting second crest. 
molar is illustrated by figure 4 of plate XLV. It is a right hand 
tooth (No. 2230, National Museum) ,from Afton, Oklahoma. 
n has a length of 70 mm., an extreme width of 61 mm. There 
are here three transverse crests; the longitudinal valley is. very 
distinct; the butresses ' not conspicuous, except the one on ,the 
hinder face of the last crest. The enamel is corrugated and 
the cingulum well ' developed. There was yet a large pulp 
cavity. Figure 109 presents sections of the roots of another 
right third upper mil'\r molar, No. 2236 of the National Muse'tlID. 
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The , upper second milk molar is represented by a specimen.in 
the National Museum (No. 6689) belonging to the right side. ' It 
, is only slightly worn, but the islands of dentine belonging to the 
anterior' of the two cross-ridges have coalesced. The tooth is 
shoWl,l half the natural size by figures 5 and 6 of plate XLV. 
The enamel is broken away from the inner border and in two 
places' in front. The length is 40 mm., the width at the hinder 
end is 44 mm. The cingulum is moderately developed at the 
sides, strongly so at th~ hinder end. 
Figure 6 is a view'of'the tooth from the outer side. The roots 
,of this tooth are nearly complete, the hinder <?ne having a length 
of 50 mm., measured from the base of the crown. The blackened 
, coat of cement has been broken away from the ou~er side of the 
hinder root. Figure 110 is a section taken across the roots, of 
which there are two, one :tor each cross-crest. ' 
The writer has not access to a' first upper milk molar. It is 
rarely found and would belong to an anima~ that had died at a 
very early age. The fore-and-aft length of the crown would be 
about an inch and a quarter (32 mID.) ; the width ' about 25 mm . 
. In the case of the lower teeth the ridges of the crown cross 
the tooth somewhat obliquely; and there is a single r~ot crossing 
the anterior end of the tooth. All the other roots are united 
into a single mass. , 
.An unworn last true molar of the right side (No. 2221, Na-
tional Museum) is represented by figure 7, plate' XLV, and 
figure 1, of plate XLVI. The first figure mentioned shows the 
grinding face. There are four distinct , ridges that cross the 
axis ' of the tooth obliquely from the inside outward and some-
what backward. Behind the fourth crest there is a distinct heel 
of two tubercles. The cingulum is little developed. Figure 1 
,of plate XLVI shows the lower surface of the tooth. No roots, 
or only thin, shells of them, had been de~eloped at the death of he 
animal, and' the pulp cavity occupied nearly the whole of the. 
eroWll. 
The ·length of the tooth is 185 mm.; the breadth at the second 
crest, 107 mm.; the height of the third inner cone, 76 mm. This 
tooth is unusually proad for a lower molar. It was found 'at 
Afton, Oklahoma. 
, . 
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Figure 2 of plate XLVI, prepared from a considerably worn 
tooth of the left ' side ' (No. 2384, N atibnalMuseum), founa at 
Afton, Oklahoma, shows five transverse crests besides a tuber-
culated heel. ' ,It will be observed that the anterior crest is worn ' 
down so that there is a single ellipse of dentine surrounded by 
enamel; also, tliat' the dentinal areas of' the first and second 
" ,ridges are about to coalesce where the buttresses have , been 
worn . down. 
Figure 3 of plate XLVI represents a 'slightly wo·rn right last 
molar from 'near Dawson, Yukon Territory (No. 5101, National 
Musemi)·. It is worn somewhat on all the crests. The length is 
170 mm.; the greatest breadth at the third crest, 96 mm. This 
specimen is 'chosen because it illustrates so well the great roots 
belonging to these teeth when in their prime. The figure, taken 
from the right side; shows the crown and the roots. Figp.re 111 
pre'sents a cross section of th~se roots. A large backwardly' 
curved fang occupies by its base-that part of the crown furnished 
Fig. 111 Fig. 112 
Figs. 111, 112. Mammut americanum. Sections of mola rs of lower jaw, right side, x'Ao. 
111: Third molar. Number 5101 Noatlona~ Museum., The outer side of the tooth 
is toward the left. 1, 1, root supporting first cros.s-crest; 2, 2, 3, 3, 4, 4, . 
root supporting remainder of the tooth. . 
112. Second molar; figure reversed from left side. Number 2228 National Mu-
seum. . 1, 1, root supporting first crest; 2, 2, 3, 3, 'root supporting second' 
and third crests. 
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by the first cross ridge; the hinder root, deeply grooved on the 
siCles, supports the' three hinder ridges. 
Figure 1 of plate XLVII is taken from a wholly unworn seconq, 
lower molar of the right side ' (No. 342, National Museum). It is 
said to have 'been found in South :Qakota. It shows finely the 
three crests and the intervening valleys, the 'buttresses <;>f the 
outer cones,. the corrugations of the enamel, and the cingulum 
weU developed in front and behind, and at the outer ends of the 
valleys. The summits of all the cr~sts are provided with den- , 
ticles. Whllethe tooth had , evidently been pressi~g strongly on 
its predecessor, there is no i.ndication that its successor was ex-
erting pressure on it. There are thin patches of cement on the 
enamel.. There was yet a great pulp cavity. The roots, which 
probably had already' pretty thick walls, have been broken off. 
The tooth is 121 mm. long, 92 mID. wide at the hinder crest, and 
64 mm. high from apex of the hinder inner cone to the base of 
the enamel. 
A slightly worn second true molar of the left side is represent-
ed by figure ,2 of plate XLVII,from a specimen found at Afton, 
Oklahoma (No. 2228, National Museum). The three crests are 
all worn somewhat, the first the most.' The figure shows a view 
taken from the left side. The roots were not quite fully devel-
oped and their lower ends are widely open. 'The layer of bla~k­
ened cement has been partly removed from the dentine of the 
roots. Figure 112 is a section across the roots, but reversed so 
as to appear to be of a tooth of the right side. On the front 
end of the crown of the tooth is a poli hed surface where the 
tooth came into contact with the one in front. Such a polished 
,area does not appear behind; whence is indicated the fact that 
the last molar was not yet developed enough to exert much 
pressure on this second one. 
The length of this tooth is 118 mm.; its greatest width at the 
last crest, 96 mm.; height of the front inner cone, 61 mm.; 
height of the front root, 91 mm. 
Th~ first true molar is represented by figure 3 of plate XLVII, 
taken from a wholly unworn left 'tooth (No. 2233, National 
Museum) found at Afton, ' Oklahoma. 'The specime'n is complete, 
except that the apex of the anterior inner con'e and that or the 
, , . 
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interior hinder cone have been broken off. There is a large 
pulp cavity.and it is doubtful whether the roots had begun to 
form. The buttres'ses of the outer cones are not strongly de-
veloped, 'and some of the ridges on the other co~es are nearly as 
prominent. The cingulum shows in front and behind. The 
tooth, is 92 mm. long, 56.5 mm. wide at the front crest, 62.5 mm. 
wide at the second crest and 62 mm. at the third crest. 
The writer has not access to any first true molar which has 
developed roots; but Warren, in his monograph on the masto-
don, stated that this tooth has two fangs, one, which supported 
the first transverse ridge, and a larger one which supported the 
other two ridges. 
The third milk molar, like the first and second true molars, has 
three cross ridges, and, in general, resembles the first true molar. 
It is to be distinguished from the latter principally by its small 
size; but, as there is variation in size' in both these teeth, there 
may sometimes be some, difficulty in the matter. Warren gave 
as the length of the first true molar figured by him three and a 
quarter 'inches, 83 mm.; the milk molar which is represented by , 
figure 4, plate XLVII, is 80 mm.long. Usually, however, there is 
more difference in the lengths of the two teeth, and the true 
molar is always broader. than the milk molar. The first true 
molar figured by Warren was two and a half inches wide, 63 
mm.; the widest milk molar in my hands (Figs. 5, 6, pI. XLVII) 
is 56 mm. wide. The smallest milk 'molar at ,hand is 71 mm. 
long and 49 mm. wide behind. The ridges of the third milk 
~ " 
molar seem to be somewhat more compressed, or thinner from 
front to back, than in the first true molar; the enamel is some-
what thinner than in the true molar; the outer end of the an-
terior valley is often, but not always, blocked by a heavy ridge of 
the cingulum. Notwithstanding these observed differences, 
specimens maY' possibly be found which cannot be certai~ly dis-
tinguished. 
Figure 4 of plate XLVII represents a considerab~y worn last 
right milk molar (No. 2231, National Museum) which was found 
at Afton, Oklahoma. Its length is 80 mm.; the width at the third 
crest, 56 mm. The cinguiuID had been considerably worn away 
in front, but it is strongly developed behind, and there ,is a 'strong 
• 
• 
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. ridge across the outer end of the : anterior valley. As will be 
seen ,in the 'figure, the 'island of dentine corresponding to th.e 
,first outer cone! had just 1,lnited with that of the inner, cone and 
with that of the second outer cone. ' The latteT has in like man-
ner joined by a narrow isthmus that of the third outer' cone. 
These outer islands had united through wear of the buttresses. 
There is even in this tooth a considerable pulp cavity within the 
hinder root. The walls of this root vary in thickp.ess from 7 mm. 
to 14 mID. 
FigUres 5 and 6 of the plate just named are from an unworn 
tootli found somewhere in Virginia. The enamel 'is' broken off 
all around the base of the crown and from the inner side of the 
first and third inner cones. The roots ar.e perfectly preserved. 
~ 
(1B 
'Fig. 114 Fig 115 
Figs. 113·115. Section a cross r oots of lower milk molars of right side. x 'f.,. 
' 113. Third milk molar. Specimen in National Museum. '1, 1, root sup· 
porting first crest; 2, 2, 3, 3, root supporting second and third crests. 
114. Second milk mo1ar; reversed from tooth of left side. Number 6701 Na· 
tional Museum. 1, 1, root supporting first crest; 2, 2, root· supporting sec· 
ond crest. , 
115. First milk molar. Number ' 4986 National Museum. 1, root supporting first 
crest; 2, root supporting second crest. . 
The tooth is, 78 mm. long, '48 mm. wide. at the front ridge 
(making . allowance fOT the missing enamel), and 59 mID. at the 
, third ridge. The enamel is ~Qnsiderably wrinkled. There is a 
large pulp cavity, and the roots are widely open below. The 
dentine of these roots is thin. Figl,lre 113, represents· a section 
taken across these roots. 
The fir'st and second milk molars are distinguished from all 
the ' others by having two instead of three cross ridges. Thes'e 
teeth, especlally the first, are rare and would be known only 
from individuals that had died early in life. On account of their 
, small size, they are not as likely to be collected. 
Figure 7 of plate XLVII represents the second lower milk 
molar of the right side (No" 6690, National Museum). It came 
. \ 
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from Afton, 'Oklahoma. Most of the front root has been lost and 
the whole of the hinder one '; and with the last, a part of the· 
hinder cingulum is gone. On the front of the teeth is a polished 
area, which shows that the tooth had ,been urging 'on its prede-
cessor. The length of this tooth is ' 41 mm.; but it must origi- ' 
nally have been slightly longer. The width in front is 32 mm.; 
, at 'the second crest, 38 mm .. 'The fissur~ tha:t separated the inner 
from the outer cone of each crest is scarcely indicated. , ' , 
Figure 8 of plate XLVII represents' a specimen of this , tooth 
(No. 6701, National Museum), so deeply worp down that the 
dentine area of the front and hinder crests, and of the front an,d 
hinder cingula, have coalesced into one area. It belonged to 
the l~ft side. ,The length is 42 mm. ; the width in front, 32 mm. ; 
at second crest, 39 mm. Figure 114 represents a section taken 
acros~ the 'roots of .this tooth; but for sake of uniformity the I 
figure is reversed so as to appear as the roots of a tooth of t'9.e 
right side. 
Figures 9 and 10 of plate XLVII represent" as supposed, the 
first lower milk molar of the right side. It is possible that it is 
the first upper milk molar. It was, found at Kimmswick, Mis-
souri (No. 49'86, National MuseuW). It is pretty well worn, so 
that the two islands of dentine of the anterior cones are united, 
, ' ' 
and those of the hinder crest on the, point of uniting. The tooth 
is 33 mID. long, front to, rear, ' and 29 mm. wide at the hinder 
' crest. The width 'in front was greater than appears, f()r the 
enamel at each end of the front crest is broken off. The inner 
cones appear to have been much smaller than the outer cones. 
The transverse valley is wider at its outer end than at the inner, 
and seems to have been blocked by a ridge of the cingulum. 
The front and rear portions of the cingulum are present and 
moderately broad. There is a pressure, area on the rear of the 
crown. There are two roots on this tooth, the hinder One being 
the larger. Figure 115 is a section across the roots of this tooth. 
They were at one time doubtless longer. The apices' were prob-
ably broken off after burial. Warren states (Monograph, page 
65) that the first lower milk molar figured by him had a width 
Qf only s,even-eighths of an inch, 22.5 ,mm. 
, , 
• 
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- - " 
Having described the , individual t~eth of the commo:n masto-
don, it ~ay be a convenience to students and others to have an 
analytical table for u~e i~ distinguis~ng these teeth from those 
of other animals, and for locating in the jaw the position of any 
tooth which may be found. , The following is therefore o~ered. 
ANALYSIS OF THE TEETH OF MAMMUT 'AMERIOA.NU¥, 
A. Teeth vary.ing in size from 70mm. in' length and about 50mm. in width to ' 
perl!.aps 2,OOmm. in length and 100mm. in width and not formed ' of thin 
plates, but having from' 3 to 5 transverse crests crossing the , grinding 
face; or smaller teeth with 2 transverse crests, at least oile of them 
composed o'f 2 cones; and the crests ' separat~d by a transverse open val- ' 
ley. Th~ American Mastodon. (I, 2.) 
AA. Teeth of the size of the smaller' ones mentioned or still smaller; without 
distinct- crests; or, if present, these ' connected at one end by a wall, the 
crest not divided into 2 cones; or valleys filled with accessory tuber- ' 
cles; or teeth composed of thin plates. Not the American Mastodon'. 
1. Grinding face having the crests directed straight across it; two 
, roots side by side at onl,l end and two other roots (except in 
the small milk mol\1rs). · _. Upper ,teeth. (a,) 
2, Grinding face having ' the crests directed more or less obliquely 
across it; one r~latively small root acX,oss one e,nd and one 
larger behind it, ' , ' Lower teeth. (a.) 
a. One crest worn down more than the others; under this , 
crest either one or two roots reiatiyely small com-
pared with the remaining root. } Front end. (b, bb.) 
b. Tooth, when held with front end away from the observer 
and the grinding face toward him', has the more sloping 
end of. the , crests, that end with the front and rear 
buttresses, directed toward the right hand. 
Tooth of right side of jaw. (e, ee, eee.) 
bb. Tooth, when held as above directed, has the more sloping 
end, with ,buttressed cones, directed toward ,the left 
hand. Tooth of left side of jaw. (e, ee.) 
e. Tooth . with 4 or 5 .transverse , crests. ' Third true molar. 
ee. Tooth with tiiree tra.nsverse 'crests. (d, dd, ddd.) 
d. Tooth witl!. length from about ' 105mm. to 132mm.; width 
from about 75mm._ to, 95mm.. . SecQnd true molar. 
dd. Tooth vary~ng in . length from about 80mm. to 95mm.; 
width from about 63min. to about 70mm. 
'First true molar. 
ddd. Tooth varying in length from about ' 70mm. to about 
83mm.; in width from about 50mm. to about 65mm. 
eee~ Tooth ,with two transverse. crests. 
e. 'Tooth about ,45mm. long. 
ee. Tooth about 30mm. long. 
Third milk molar. 
,(e, ee.) 
Second milk molar. 
First milk molar. 
" 
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The rarely found first and second milk molars of the masto-
don might be mistaken for the teeth of tapirs or other animals. 
The t.ee.th of the t~ir.s h~~e sharp cross ridges? but. these are 
not .dIvlded by a longItudmal valley or fissure mto mner and 
outer cones, the cross ridges of the tapir's upper teeth are 
united at their outer ends by a longitudinal ridge, wholly clos-
jng the valley. The same remark applies to the teeth of the 
rhinoceroses. 
A brief discussion will 'be given of the vertebral column of the 
. mastodon. While the whole of this is not often found it is not 
unusual for single vertebrre or a few of them to be brought to 
light. 
The vertebtal column consisted of seven cervicals, twenty dor-
sals, three lumbars, and of about twenty-five or thirty caudals, 
Fig. 116. Mammut americanum. Atias of specimen In Na tional Museum. From 
. , . ,,_I ", I .J Church, Michigan. Seen from front. x 72. 
but no specimen ' has probably been found with all the caudals 
preserved, 'at least rescued. It is · probable likewise that the 
number of caudals varied s0mewhatin different individuals. 
The neck of the elephant and mastodon, when compared with 
that of most other mammals, is extremely short. It was, of 
course, with 'the mastodon as' with the elephants, impossible for 
the animal to bring the mouth to the ground when standing. 
The neck vertebrre, known as the cervicals, may,' except the 
last one, be distinguished from all the other vertebrre by the fact 
that there is on each side, in the transverse process"a foramen 
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for the passage of an artery. The seventh has no such.foramina, 
but it differs from the dorsals in having a short slender spinous 
process, and in having, .just behind ·the base of the transverse 
process, a smooth concave surface for the head of a rib, and no 
such surface in front of the process. 
With the exception of the second, the vertebrre of the neck 
were shorter than those of the dorsal region . . They were, how-
ever, broader than the dorsals. . 
The fust one behind the head, . the atlas (Fig. 116)-, is the 
broadest of all the cervicals, and its lateral · portions form the 
- largest 'part of the bone. Figure 116 represents this bone, seen 
from the front and drawn from the mounted specimen in the 
> 
NationaL ·Museum. At the anterior end are seen the gJ;'eat, 
smooth, concave articular surfaces for the condyles of the skull. 
At the hinder end are somewhat similar surfaces for articula-
tion with, the next vertebra, the axis.. In the specimen figured, 
the width of the bone is 335 mm.; the height, 215 mm.; the fore 
and aft extent on the lower face of the- bone, 73 mm. The 
opening for the spinal cord and odontoid process is 111 mm. 
high, that part for the spinal cord, the upper division, is 80 mm. 
wiqe. According to Warren the breadth of t~is -atlas in the 
great mastodon de. scribed by him and now in the American 
Museum of Natural History was eighteen inches (462 rom.). 
This ~one differs from that of the mammoth in having a much 
. larger opening for the spinal cord and the odontoid process, and 
in having a different section at the midline of the neural arch. 
Compare figure 116 with figure 135. 
The axis, a bone very likely to be found and a characteristic 
one, differs from all other ver,tebrre of the spinal column in 
having a large nipple-shaped. process on the front of the cen-
trUIr)., and a large, almost cubical. neural spine (Figures 117, 
1.18). On the front of the centrum there is on each side a large 
.smooth articular surface for the atlas, and these meet below the 
odontoid process. Each surface is 95 mm. high. The front end 
of the centrum is 166 mm. from side to side. The hinder end of 
the centrum is somewhat concave arid somewhat broader than 
long. 
The spinal canal is large, 72 mm. wide and fully as high. The 
neural spine is about 85 mm. long and 85 mD.?-. wide. 
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The axis of the mastodon differs much from that of the mam-
moth. In the latter the spinal canal is broader than high, the .. 
neural arches are shorter and thicker, and the neural spine is 
considerably longer fore apd aft than ' thick. Compare figures 
117 and 118 with figures 136 and 137. 
The remaining cervicals are short, and they have, short, 
slender spines. The third, fourth, fifth and sixth cervicals of 
the Nationai Museum mounted specimen, are each 47 mm.long, 
and the ~eventh, 5~ mm.; but this is a very small mastodon. 
' Fig. 117 Fig. 118 
Figs. 117, 118. Mammut americanum. ' Axis of same specimen as figure 116. x 'h . 
11 7. Axis ' seen from front . 
118. Axis seen from left side: 
The dorsal vertebral are those to which were attached the ribs. 
They are twenty in number; but it may occasionally have hap-
pened that the hindermost rib ~as not developed, thus throwing 
the correspon~ing vertebra into the lumbar series. ' The dorsals 
may be known from their having short, tlilck, transverse proc-
esses·which are not pierced by a foramen, and which arise from 
the ' arches; long, medium or' short neural spines, which are 
mostly rather broad from front I to back; and from having on 
each side one or two concavities for the heads of ribs~ The .an-
terior fourteen or fifteen have a concavity on each side at each 
end for the half of a rib-head. 
" 
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All the dorsals of the mounted specimen in the ~ ational Mu-
seum -have a width of close to 125 mm. They vary in length 
from 56 to 70 mm. Those of the anterior half of the dorsal 
series average 59 mm. in length; those of the hinder half aver,-
age a length of 68 mID. These measurements do not include 
anything for the intervening cartilages that were present in life. 
A medium dors;:tl vertebra of the great WarreD mastodon has a 
width" at the front of the centrum, of 170 mm. ' 
The centra of the dorsals of the mounted Indian elephant in 
the National Museum, a male twenty years old with a hei.ght of 'a 
-little more than 'eight feet, vary in length from 52 ~. to 63 
mID. The animal, therefore, had a shorter back and longer legs 
than the mastodon in the same museum. ' 
About six or eight of the ' ~nterior dorsals of the mastodon 
have very long neural spines, and 'these are directed upward and 
backward. In the National Museum specimen th~ third dorsal 
has a spine 381 mID. (15 inches) long; but in most specimens the 
spines will be found still longer. The third dorsal of the War-
ren mastodon had a spine twenty-three inches (600 mm.) long. 
The succeeding spines gradually became shorter, so that the 
hinder ones were very short. 
The lumbar vertebrre are three in number. They resemble 
greatly the hindermost dorsals, but have no excavations on the 
::;ides of the centra for rib-heads. , Their tran~verse processes 
are longer than those' of the hinder dorsals' and stand more 
directly outward. While the first lumbar centrum has about 
the same breadth as the last dorsal, the third lumbar is consid-
~rably wider, about 150 mm., in the National Museum specimen. 
Each lumbar in the specimen m,entioned, is 70 mm. long on the 
lower face of the centrum. In the Warren mastodon the first 
lumbar vertebra, including' the transverse processes, has a width 
of seventeen inches (432 mm.). 
The sacr]lID is that part of the vertebral column which is 
articulated between the two ilia, or hip-bones. It consists of five 
vertebrre; but three, in old age ,at least, are so thoroughly con-
solidated as to form a single mass. It appears that the first and 
the last of these vertebrre :may remain, even. to adult age, uncon-
solidated , with the others, and one or the other may therefore 
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be missing from the specimen found. In old age, the sacrum 
often becomes wholly consolidated with the hip-bones, and then 
the bones of the pelvis form a single mass. The sacrum of 
the mounted specimen 'in the National Museum, is 400 mm. in 
length. Its width in front is 275 mm.; behind, 220 inm. 
The number of caudals is somewhat doubtful, no specimen 
having been found with all present. The number varied prob-
ably somewhat in different individuals. There were probably 
about twenty-five or thirty. They are naturally smaller than 
those of the trunk. The first are largest and have all the ele-
ments of a vertebra; those toward the tip of the tail are much 
reduced in size, and lack all parts, except the centrum. Those 
of the upper half of the tail have long, fiat, outstanding trans-
verse processes and ,short neural spines. The second caudal of 
the National Museum specimen, has the centrum '70 mm. long, 
~6 mm. wide in ;front, while from the extremity of one trans-
verse process' to that of the other is 230 mm. The bases of the 
processes occupy nearly the whole length of the centrum. In 
case this part of a mastodon is found, great care should be 
taken to collect all segments present, especially the terminal 
ones. 
As already stated there were in the mastodon twenty pairs of 
ribs. , Below the upper fourth, the first rib is nearly straight, 
flat, and paddle-like in form. Its length, in the National Mll-
seum specimen, is 510 mm.; at the distal end, the width is 120 
mm. The longest rib is the seventh and is 1063 mm. long. In 
the Warren mastodon, the longest rib- is stated to be the nint~ 
and the length fifty-four and three-fourths inches (1390 mm.). 
The longest rib of the Indian elephant in the National Mu-' 
se-um equals 915 mm. The greatest width of the abdomen is 
1000 mm. In the mastodon described here, the width of I , the 
abdomen is 1113 mm., as mounted. 
The scapula of the mastodon, as well as that of the elephants, 
is ocCasionally found. In all these species this bone is large, of 
a triangular form, and apparently it offers few characters by 
which the species may be distinguished. Besides its general 
form and size, the scapula is remarkable on account of the 
enormous spine which traverses the greater part ' of the dis-
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iance· from ·the' glenoid fossa to' the' upper angle. ; In the scapula 
of the mounted mastodon -in the National Museum, this spine 
,stands ·above, the genera): level of the , outer face of the b'one'-a 
distance of 160 rom. At its l.owe.r end it gives off two great 
processes, one of, which extends dOW11ward and slight~y fotrard, 
the other backward and· somewhat downward. The side of the 
scapula which was. applied,. against the ribs, is not ~h~lli~;at, 
but has a strong ndge, whlCh ascended from the gleI,lOld ff<> sa 
to the upper angle. q£:the bone. This ridge on '.th'e inner face ~ ud 
the , spine on the outef face strengthened the bone en~imoU', iy. 
F~gure 119 ~as been .'prepared from the figure of the ' War Em 
mastodon. ' '. , 
.. It is of import~nce to distinguish, if possible, the scapula,! of ' 
the mastodon from that of the elephants. Unfortunately /the 
writer has 'at hand',no scapula of Elephas primigenius with which 
to make comparis<;>ps; but '-he makes use of a figure of the 
scapula of \the Beres~owka mammoth (Fig. 120). It is after a 
figure by Salensky . (Scient. Results, etc., 1903, pI. xvi,; fig .. 95). 
The following measurements are presented, whIch may be of 
some help. The first measurement is taken from the middle of 
the inner border of the glenoid fossa to the highest point, or 
angle,' of the bone, where the spine terminates. The second runs 
from the angle just mentioned to the one which projects back-
ward. The third extends from the angle last mentioned, in a 
straight line, to the hinder end, of the glenoid fossa. The next 
measurement extends from the hinder angle forward to m,eet 
perpend~cularly the anterior border Qf the bone. The fifth gives 
the length of the glenoid fossa. The sixth measurel;nent is . in-
teIJ.ded to show how far the anterior edge of the bone is ,re-
moved from the front of the spine, and is taken_at the, level of 
th,e point wh~I:e t"p-e two pro«es~es of the spine diverge. As , the 
spine does not arise abruptly, this width cannot be 'determined 
with absolute, accl1racy; but, at .present the writer relies mOf:ltly 
on it to distinguish the scapula of the mastodon from that b{the 
elephants. In' the second ,'c0lumn, under. .each set of measure- , 
ments, are quantities obtained by determining what: par(e~ch 
, measurement is of the first measurement,takim as 100. That is, 
the figures in the second column 'of ' each set repres~ntpe~c~nt-
23 ;.' .. .: :, :, ' 
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ages, which are taken as indices. In the last column are the 
indices taken from the figure of the scapula (Fig. 120) of the 
Beresowka mammoth. The aetual dimensions the author has 
not been able to secure. 
Fig. 119 Fig. 120 
Fig. 119. 
Fig. 120. 
Mammut am61·icanum. Left scapula of the Warren IIjastodon; In American 
Museum Natural History. 
EZephas primigenius. Left scapula of Siberian mammoth. After Salensky. 
MEASUREMENTS AND INDICES. 
-
Mastodon Elephas indicus I Elephas afri- ~ gl [l 
Spa0es subtended I canus ..<1 S.~ 
D' ' 1 Indi- Dimens'ns I Incli- Dimens'ns I Indi- !i5;~] Imens ns ces ces ces &'l s 
-
1. From glenoid 
fossa to; upper 
'angle 
----------
685 mIn. 100 710 mm. 100 620 mIn. 100 lOO 
2. From upper an-
gle to hinder 
angle- __________ 660 mIn. 96 600 mm. 84.5 605 mIn. 97.5 83 
3. From ' hinder 
angle to rear 
glenoid fossa __ 400 mIn. 58.5 410 mIn. 58 310 mIn. 50 58.4 
4. From hinder 
angle to front 
border 
---------
480 mm. 70 470 mIn. 66 400 'mm., 64.5 60 
5. }'roru front to 
rear of glenoid fossa ___________ 187 mm. 28 198 mIn. 26.4 177 mIn. 27 ------
6. From front of 
border of bone , 
to base o~ spine 60 mIn. 8.8 38 mIn. 5.3 29 mIn. 4.6 
------
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It is not improbable that more specimens of each .of the spe- ' 
cies would modify somewhat the value of the indices. As re-
gards the length 9f the vertebral border, it is seen that the " 
mastodon resembles more closely the African elephant than the 
Asiatic (E. maximus); while the length of the lower hinder : 
border is nearer the latter. The distance of the front horder . 
from the spine is greatest in the mastodon. 
Figure 121 shows a section made across the front of the 
scapula of the mast.odon in the National Museum at the level of ' 
the parting of the two processes of the spine; while figure 122 ~ 
&hows a section made at the same level on the scaprila of the , 
specimen of Elephas primigenius in the American Museum' of 
" 
Fig. 122 . 
F ig. 121. M ammut amer ican",,, . Section ac ross front of scapula. 
Fig. 12 2. Elephas primigen iu s. Section a cross front of scapula. • . 
Fig. 123. Sections acr oss the ulna at the middle of the length. The front of the bones 
is above; the outer face .toward the right. 
123a. M am mut am ericanum. From Hillsdale, Michigan; specimen In National" 
Museum . . . . 
123b. Elephas prim i gen ius. Number 2642 National Museum. From Alaska. 
Natural History, New York The sections are one-half o{the : 
natural size. The process toward the right is the front edge of 
the hone; the line rising is the front of the spine; the lower line ' 
shows the inner face of the scapula. 
Estimates made from the figure of the great Warren mastodon 
give the following indices, following the order of the table: 100, 
91±, 60±, 76±, 27±, 14±. These agree with those of the National 
Museum in the greater width of the bone 'and in the distance o( 
the spine from the anterior border. . 
Figure 1 of Plate LII, represents a scapula found in 1894 in. 
Muscatine county near Wilton. Its measurements are given on ~ 
, 3,56 tMAMMALS' OF 'THE ~P1:.EISTQCENE 
p,./ige .388. , ~ Its indices,: determined iIi some '~ases . a:pproxiriulte-
ly,I,are, following. the same"order,.lOO, 83 i~56±; ' 72, 24,"10±. " The 
writer' regards this scapula as belonging to a ,mastodon. ' 
~ ASli regard's the ' proportions 'of the scapula of Elephd,s' pri-
mi'genius it will' probably be found' that tliey 'va'ry' much. ) A View 
of , >i:ne ' 'figure · here presented {'Fi.g. 120) shows tEat 'the"great 
spine runs very close to'the front border' of the'bone. Tbo 'inuch 
importance must not be' attached to the- great differl:inces in 
width which are' presented by figures 119 'arid.120: Undoubtedly 
tlie ' scapula Of the mastodon is ' 'sometimes relatively Iiarrower ' 
and ·that of the mammoth relatively wider.' 
,IIi order to determine to which' ~ide the' bone belongs place 
it with the' glenoid fossa downward and with the border nearest 
to the spine forward; the spine will be directed toward the side 
to which the bone belongs. 
The general form of the humerus may be seen in figure 104. 
It is one of the great bones of the body and one of those most 
likely to be' preserved. It may be easily recognized from its 
greatly enlarged ends, the slender' middle part, the low and 
rounded head for articulation with the scapula, the semi-cylindri-
cal articulation for the sigmoid cavity of the ulna, the massive 
deltoid ridge, and the broad supinator ridge. The total length 
of the humerus of the specimen in the U. S. National Museum, 
measured in a straight line fr~m the ,great tuberosity to ,the , 
distl:l-l end on the outer face, is 765 mm. '; from the ' summit of 
the head to the dIstal end of the inner face, is 727 mm.; the 
articular- surface at the lower end measures, from ' side to side, 
200 mm. The supinator ridge rises above, the lower end, of ,the, 
h~er'Us, 270 mm. Where the shaft is most constricted .the .dia-
mete:cs are 95 mm. and 120 mm. The total length of the humerus 
in the Warren mastodon is given as thirty-nine inches , (991 mm.). , 
~he ,length of the humerus of the E!pecimen in the .N ational ' 
Muse~m equals that of the centra of el~ven ' an,q. .on~-half dor~al 
,iertebrre: whereas, in the Indian elephant, the humerus ,nearly 
equal's the length of fH:teen vertebrre., , ' 
T'o d~termine to which sid~ th~ bone beiQ;ngs, stand it with 
tlW head upward, th~ bicipit;3.l g:coqve directed forward- a~~ ·the ' 
de,~p. Gav:i~y at the low,eF enp, into ,which the, QleQra~Q1;l , qi. the , 
'. 1 . • . . 
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ulna :fits lQ'oking backward; .then· the· supinator · ridg~{ and ·the 
great · deltoid ridge will be directed toward the·· side to which 
the bone belongs. , .' ' . 
The ulna is the principal bone' of ·the- forea'rm; " It maY ' be 
recognized by the great sigmoid cavity for articulation: with ·the 
lower end of the humerus, the enormous rough process standing 
backward from th~s articulation, -the triangular shaft, · and the 
rounded ,articulation at the lower end for some of the ' bones of 
the wrist. Figure 104 ·shows the general form. of·the bone. In 
the case of the mountedsp'ecimen in the ,National Museum, the 
J ulna is 640 mm. long in a · straight line. ·The line joining the 
hinder with the front end of the greater sigmoid cavity- (that 
which receives the humerus), is 130 mm. long. At the lower 
end of the cavity is a notch that receives' the upper end of the 
nidi us. The shaft is triangular; the outer face, at the middle 
of the length of the bone, having a width of 85 mID.; the front 
face, 87 mm. ; the inner (or hinder) face, 95 mm. The lower 
end articulated with the lun;;tr, the cuneiform, and the pisiform 
bones of the wrist The bone is crossed .in front by the radius. 
In the Warren ma~todon the ulna has a tota.! length of 864 mm. 
I , 
Figure 123a represents a section· across the left ulna of the 
mastodon, taken at the middie of the length. . Figure 123b shows 
a corresponding section of the ulna of Elephas primigenius, a 
specimen found in Alaska. 
To determine the side to wh~ch 'the bone belongs, stand it with 
the larger enp, upward, the rough olecranon process and the 
concavity of the shaft of tp:e bone backward, the great sigmoid 
eavity 10,Qking forward; tl:ten the olecranon pr<?cess .will incline 
more · toward the side -to which the bone belongs; ,on that side, 
too, will be the shaw ridge which, descends fro~ the olecranon 
to form the hinc;ler outer border of'the hone; the' smaller of the 
two processestbat enclose ,the upper end of. the radius will be 
on the same side;" at the lower end of the, b~ne, the rough face, 
with two eminences separated by' a grop,ve, will look toward the 
same side; while the flat s'urfac~ for the lower end of the radius 
will be directed toward the opposite side. 
:'-'1 ,~he u~na: of the 'mammoth; )i. primig~nius ... :' diff~rs, ,in' being 
slenderer in proportion to the length; in -having tbe outer face 
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divided by a ' ridge which,. starting at the outer of the two pro-
cesses which embrace the' upper end, of. the radius, runs down-
ward and backward to the outer eminence at the lower end. of 
the bone., This ridge is indicated on the left side of the seGtion, 
figur,e 123b. ' The upper half of the front face is more e4cavated 
than in· the mastodon .. 
, . 
The radius is a, relatively 'slender bone and is much twisted 
and bent., It occupied ·a positien in front of the ulna, bending 
around below to the inner side of the latter., ' The 'head o:f the 
radius lay, in life, -in a notch in the border-of the great, sigmoid 
cavity of: the humerus; and its upper extr'emity forms a smooth 
concave' 'surface , which articulated ·with the lower end, of the 
humerus.: The lower and larger end of,the bone is flattened on 
the outer face for union with the' lower end -of the, ulna. The 
lower extremity ·presents a large smooth articular surface, the 
Fig: 124, ' Mammut americ~nu111_ Left fore foot seen' from in front, R, radius; ' U, 
ulna; I, Inner digit; V, outer digit; c, cuneiform bone; Z, lunar; 8, scaphQld ; 
ta; trapez'oid ; m, magnum; ~, unciform; me 1 to me 5, the metacarpa1s, ' 
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,greater part of which is applied to the lunar bone, but a small 
part thereof to the scaphoid. In the National Museum mounted 
'specimen ,this bone is '600 mm. long; the upper end is 103 mm. 
wide, its lower end, 133 mm. The diameters at the middle of 
the shaft are 43 mm. -and 52' mm. respectively. The radius of 
the yv arren mastodon is 737 mm. long and 165 mm .. across the , 
. -lower end. No rule for distinguishing this bone from that of 
the mam~oth can , at present be given. 
Pl::tce the larger end of the bone downward, with the sharper 
edge of this lower e:p.d forward and the lowest process of the 
-bone toward the rear, the smooth articular face for the upper 
'end of the ulna backward; then the flattened face of. the lower 
end will look toward the side to which the bone belonKs. 
The fore foot of the 
mastodon (Figs. 124, 
125) was greatly like 
that of the' elephants. It 
was a foot that in most 
respects was very prim-
itive, in that it retained 
,all 'of the elements typi-
cal of the wrist and all of 
the five digits. Besides 
this, none of the meta-
carpals is lengthened, as , 
we find some of them in 
most of the hoofed ani-
mals. The foot was 
very short and was 
undoubtedly furnished 
with a pad of connective 
tissue behind the digits, 
with the result that 
iheS'e, in walling, were 
directed strongly down-
Fig. 125. Mammut amerlcanum. Left tore toot 
seen from ' the left, or outer side. fI, 
pisiform; 8e8, sesamolds. Other explan-
atory letters as in figure 124. 
ward, as well as forward; that is, the animal was digitigrade. 
Ther:e were certainly small hoofs at the end of each digit, as ' 
. in the elephants . 
. ' 
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. The bones of the wrist, with the exception of the pisiform, 
3,re. short. and ,fiat, with .. broad upper and lower smooth articula-
tory sur:facesiormovable union with one another, with the bones 
. o.f the \.for~ arm, and with the .metacarpals. The names and con-
nections' .of ,the .~rist bones may' be learned from the figures 
above .referred to,. reproduced from Warren's, monograph. The 
termiJ,lal phalanges, of the .digits are represented only ,in outline, 
inasmuch as they have probably never yet been found. They 
were c~rtainly much reduced in, size and may hot have been pres-
en.t. A.~ t9 distinguishing them fror;n th.e corresponding bones 
of the :various fossil elephants, the means 'for doing this hardly 
exist as. yet; .l:\t -least, the .work has not y~t been done.. Where 
mastodon r emains are , found, care should be taken to collect 
the smaller" as well as the larger bones. If the feet are present 
the bones of each foot, if not already mixed with Jhe bones of' 
the .other feet, should be kept separate ; and, if possible, the 
bones of each digit separate from those of the others. 
The pe1-:is '(Fig. 126) consists of the sacrum, which has a1-
.ready been described as a part of the vertebral column, and the 
two innominate bones. Each of the latter was composed, ·in 
. early life, of three bones~ the ilium, the ischium, and the pubis, 
" 
~ .} ' •• , .,. • ; ... ,,\ 1 i . " , 
Fig: 126 . . Mammut . amer i canu m . ,Pe lv is as seen from behind. , After w,arren . . ,fem. 
. .' , femur ; 'ii, 'ilium';' is, ischium; pu, pubis; sac, ' sacrum. . ' 
• 
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which joi~ed one another at t-he socket for the ·fem~r.·, In old 
age , the (innominate bones may become ankyl0sed with "the 
sacrum. 
The pelvis of the mastodon wa~ enormously wide, .much wider-
than that of ·the mammoth and that of the living elephants. 
Like those of the elephants, the ilia are nearly- flat , on the fronf 
face, that face which corresponds to the inner face of most ani-
mals, and they stand out, at nearly right angles with the spinal 
column. In the case of the mounted specimen in the Nati~nal 
Museum, the distance from the outer extremity or one ilium to 
<that of the other is 1425 mm. (fifty-six inches). In'the Warren 
mastodon the width is given as six feet two inches (1880 mm). 
Figure 126,' re-drawn after Warren, represents the pelvis seen 
from the rear. In this specimen all the bones are thoroughly 
consolidated. The width of the pelvis in the mrustodon in 
Milwaukee (Fig. 104) is 1625 mm.; and the one in Earlham 
College has a pelvis 1900 mm. wide. 
The 'acetabulum, which reeeived the head of the femur, is a 
cup-shaped cavity and looks nearly directly downward. In the 
National Museum specimen its diameter is 150 mm. (six inches)., 
The pelvis ,of the mastodon differs in several ways from that 
of the mammoth and the other· elephants. ,Especially is it distin-
guished by the greater breadth, as compared with the centra of 
the dorsal vertebra. In the case of the National Museum speci-
men, the width is equal to twenty-two and four-tenths vertebrre 
of average length; while, in the Indian elephant, the width is 
(~qual to nineteen and four-tenths dorsals of average length. .. 
, In the elephants , the supra-iliac border descenq.s fro.m its 
articula'tion with ,the sacrum to its ' outer angle in ' a uniform 
curve, a part of a circle; while in the , mastodon the bo:rder is 
nearly straight in most of its course: ' 
'The femur is a long and relatively' slender bone, with a flat-
tened shaft and expanded ends: Its general form may be seen 
from figure 104. In the'National Museum specimen the femur 'is 
supplied from an animal found at Kimmswick; MissOUIi. This 
has a length of 870 ' mm. The head "has a diameter of 140 mm.; 
at the middle' of the shafi: the gre'ater diameter 'ls 130 mm.'; the 
least, 70 mm. The width across the articulatory surlaces of the 
• 
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lower end ~s 182·IJ?ID.. The Warren mastodon 's . femur· measures, 
from the upper surface of the head to 'bottom of the inner con-
dyle, 1025 mm. The side-to-side extent of the lower articular 
surfaces is 254 mm: . 
The femur is somewhat stouter than that of the mammoth (as 
represented by a specimen from Alaska). In the latter, the 
greater diameter, 146 mm., at the slenderest part of the bone, is 
contained in. the length (1110 mm.), seven and six-tenths times; 
while in the fen;J.Ur of the mastodon above described; the diameter 
given is contained in the length six and s~ven-tenth~ times .. 
Figure 127 presents a section of the left femur of the National 
Museum specimen, taken at one-third the length of the bone 
above the lower end. It will be seen that here the bone is quite 
Fig. 127 Mammut americanum. Section of left femur, taken one-third the length 
. of the bone above the lower end. x 'h. 
Fig. 128. Elephas primigemus. A section taken as in figure 127. x 'h. In these 
figures the front of the bones is -above; the 'outer border tow.ard the left . 
. fiai, the width being nearly twice the thickness . . This is to' be 
compared with a section, taken at the same height, from an 
Alaska femur, almost certainly that of a mammoth (Fig. 128). 
Here the thickness is about four-fifths of the width. 
To deterrp.ine· to whic,h side the femur belongs, stand the bone 
with the head upward, with the hollow behind the great tro'chan- . 
ter looking backward and with the surface. for the patella for-
ward. Then the ~eat trochanter will be on the side to which 
the bone belongs. At the lower end the straighter border, as- ' 
cending from the c~ndyles, will be on"that side. 
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, The patella,; or knee-pan, is a ·solid bone 'of considerable size 
that is very likely to be preserved. Its 1ength, in' the leg from 
Kimmswick, Missouri, is 120 mm., the width, 116'mm.; the. thick-
ness, 80 mm. Tllesurface which was ~pplied to th,e lower end 
of. the femur 'is smo,oth, concave up and down, convex from side 
tp side. ,The other surfaces of the bo~e are convex and TOUgh. 
l;n the great Warren mastodon the patella has a length of 178 
1p.IIl: and a width of 152 mm. 
The tibia ~s one of the , larg~r bones of the , skeleton. It is 
straight and has the endsconsidl::,rably enlarged . . The upper 
~ end, cut off nearly at right angles With the length of the 'bone, 
presents two smobth concave surfaces for articulation with the 
condyles of the femuF' On the rear of the outer tuberosity is ~ 
I:!rriooth surface for the l1ead of the fibula. The lower end of 
the tibia has smooth articular surface which fitted against 
the .astragalus: It 'is concave from front to rear. On the imier 
side of the lower end is an eminence, the internal malleoius, 
which eXJtended down against the inside of th~ astragalus~ Out-
side of the articulation for the heel-bone is another surface, 
looking downward and outward, for union with the fibula. The 
National Museum specimen, the tibia of which is from Kimms-
wick, Miss'ouri, presents .the following measure~e:rits : ' . 
Length in a straight line _____________________________ .____________ ,550 mm. 
Transverse diameter of upper end ________________________________ 200 mID. 
Greatest diameter of Shaft, where smiillest ______________________ 90 mm. 
Shorter diameter of shaft, where smallest ____________ ~___________ 65 mm. 
Diameter from side to side at lower end____________________________ 160 mm. 
Flg. 12 9. Mamm~t americanum. Sec-
tion across tibia at one-
third the length of the 
bone above the lower end. 
. x lh. 
Fig. 130. E'tephas p1'imigeniu8. A 
section of the tibia taken 
as In figure 129. 
The tibia of the Warren m,as-
to don has a total .length of 712 
mm. 
F,igute 129 represents , a section 
of the tibia of the National Mu-
seum mastodon, taken two-thirds 
the length of the bone from ' the 
upper end, while figure 130 sllows 
a section taken at the same level 
on the tibia of a mammoth from 
Alaska. It will be seen that, at 
the point where the sections are 
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tak~n, that of the mammoth is much more triangular than in 
the mastodon. , 
To' " d~t~rmine the side' fo which a tIbia belongs piace the bo~e' 
with 'the larget 'end ' upward; the tuberosity for the extensor 
muscles 'forward and tHe great concavity in the upper half ot the 
bone direct~ 'backWard; ' then" at the upper end, the smaller 
eoncave surface will .be on 'the side' to which the bone belongs" 
as will also the ' smooth surface for the fi15Uia. At the lower end 
the sloping surface for the lower end of the fibula will also be 
on that side. ' , , 
The fibula 'is a long sl~ndeT ' bone, with flattened face's and 
sharp ~idges, and with one end moderately enla~ged, the other ' 
donsiderably so. Af the smaner~ upper end is a s~ooth surface ' 
which looked forward and , was applied against a smooth sur-
". ~ • • • 1 
face on ~he back of the outer "condyle of th~ tibia. The lower 
end of the 'bone "ha~ articular surfaces for three bones, the tibia, 
the astragalus, and the calcaneum. That for the tibia is on the 
inner face of the fillpl,a ,an,d looks inward and upward. That for 
the astr~galus, just b'elow that for the tibia, is 10n,g and narrow ' 
and looks inward. That for the calcaneum is larger and looks 
inward and downward. The length of this bone, froIp. Kimms-
wick, Missouri, forming a part of the mounted specimen in the 
National Museum, is 520 mm.; the length of thl~.t of ,the Warren 
mastodon; is twenty-six inches, or 660 mm. 
In order to determine to , which sidE1 a fibula b,elongs, place the 
larger end downward with the process that descends the lowest 
in front; also, with the smooth surface th,at articulates with the 
tibia in , front. Then the rough external malleolus will look 
,towar,d the side to ,which the bone belongs. 
The hinder foot (Fig. 131; 132) is , made up of the tarsals 
(ankle bones), the metatarsals (instep bones), and the phalanges 
(the toe' bones).' The foot, like the hand, was primitive in its 
construction, and had the digitigrade position. The figures, re-
produced,: from Warren's monograph, illustrate the forms, and 
, positions, and "connections, of the v~rious, bones, and the names 
are ' given 'in the explanations. ' 
I I', 
, ' 
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Mammut am6r·;canum. Left hind foot, seen from in front. After Warren. 
T, the tibia; F, ,, the fibula; I, inner digit; V, the outer digit; mt 1 to mt 5, 
the metatarsals; as, astragalus; ca, calcaneum; nav, navicular; ou, cuboid; 
01, ell, oS, the internal, middJe, and external cuneiform bones; 868, sesamoids . 
. The tarsus consists of the astragalus, the calcaneum, or heel-
bone, the navicular, the three cuneiform .bones (internal, mid-
die, and external) and the cuhoid. ,These resemble closely those 
of the 'elephants, but doubtless . close comparison would enable 
one to establish differences. ' . 
There are supposed to have been two phalanges in the' first 
digit and three in each of the others, but the terminal ones have 
not been found, and it is possible. that some or ' ~1l of them had 
become abortive. 
As iI). the c~se of the fore root, there are in the hind foot cer-
tain small nodular bones that are known as sesamoids. They 
were plac~d below the articulation of the metatarsa!s. There 
wa:;; a, pair of th~!ll to each of the five toes. . 
The metatarsals, five in number, are short, thick. bones, which 
resembled the c~,rre.sponQing bones , of the fore feet. , The third 
and' fourt,h ~re the largest. , . 
.I;n his book Animals before Man in North America, Profes-
sor Jrrederick A. Lnca,$publlshed a restoration of the American 
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mastodon in which the animal is represented as being covered 
with a coat of hair. The plate is ' a reproduction of a painting, 
now in the National Museum, which, was made by Mr. J. M. Glee-
. '!; " 
son. ' ' 
Whether or not this , animal was clothed with hair may be 
regarded as an -qndecided quef';tion. Or, rather,it may be ques-
tioned to what extent they were thus clothed; for even the living 
elephants have some hair on th~ir bodies. 
The beli!'lf that, the mastodon was a hairy animal appears to 
rest on a very few and not wholly convincing observations. Un-
'Fig. 132. Ma1n1nut amcricanu1n. Left hind foot, seen from the left or outer side. 
Explanatory letters as in figure 131. 
fortunately no cadaver has yet been discovered preserved in 
frozen soil, as in the case of the hairy mammoth. ·Irr1801 (Medi-
cal Repository, New ,York, Vol. IV, pp. 213, 214) Hon. James 
'G. Graham, wrote a letter to Dr. S. L. Mitchell, in which, speak-
jng of some mastodon remains found at Montgomery, New York, 
he stated that "there was found hair of the mastodon 3 inches 
long and of a dun color." 
'A judge, Sylvanus Miller, writing to Dr. S. L. Mitchell inthe 
same year and, in the same journal, pages 211, 213, announced 
the discovery and appearance of a skeleton found in Ulster 
county, New York. He wrote:" Around and in the immediate 
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vicinity were locks and tufts of hair of a dun brown; of an inch 
and a half to two and a half inches long; and; in some instances, 
from four to seven inches i~ length." 
In volume III of Blainvil~e's Osteographie des Mammiferes; 
. o~ page 340, is a statement that some bones of a mastodon had 
been found near the mouth of Wabash river at a depth' of sixty 
feet. lt is further said that, with these bones were found 'some 
portions of skin and hair. So far as is known none of these ) 
specimens of hair ' ~ere ,preserved. , 
Prof. James Hall, in describing the finding of a small molar 
_ . tooth at Stafford, Genesee county, New York, wrote as fol-
lows ~ "Its' situation was beneath the muck and upon a deposit 
of clay and sand. A large quantity of hair-like confervre, of a 
dun brown color, occurs in the locality, and so much do~s it 
resemble hair, that a close examination is required to satify 
one's self of its true, nature." 
It is therefore possible that some of the old observers mis-
took such confervre for hair of the mastodon. It seems quite 
improbable that skin of the mastodon would have been preserved 
for so long a time in southern Indiana. 
As to the food of the mastodon, not much is known, that is 
wholly ~atisfactory. , From the ' numerous sharp cusps on the 
tooth, it was by the earliest observers concluded that the masto-
don was a carnivorous animal; but that idea was soon aban-
doned. About 1806 · some rem~ins of a mammoth ·'were , discov-
ered in Wythe county, Virginia. Bishop Madison reported that 
at a depth of five and one-half feet the finders had .struck '!lpon ' 
the stomach. The contents of the viscus were carefully ex-
amined and found to be perfectly preserved. They consisted of 
half-masticated reeds ("a species of Arundo, or Arundinaria:' 
still common in Virginia' '), of twigs · of tre~s, and of grass and 
leave's. The bishop was very positive ·on the subject; but ad-
mitted he had not seen these things himself. 
In 1846 Prof. Asa Gray, the botallist, reported . (Proc. Bost. 
Soc. Nat. Hist. Vol. II, p. 92) on some materials that had been 
found ' occupying the place of the stomach of a mastodon skele~ 
ton discovered on Schooley Mountain, New Jersey. He fOUIid 
" 
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pieces of. wood; evidently 'of branches one, twO', and th'ree 'years - , 
old;"breken quite uniformly intO' bits ef half an 'inch er sO' in ' 
length, with enly new alid then traces of bark "remaining: The 
wQ,0d: 'was · net fessiliMd ,and enly ' partly decayed. Frem the 
ex~minatiQn ef thin slices Prefesser Gray cencluded th~t the . 
we.od was that ef some conifer, a spruce 'or fir, rather than :a 
pine . . The structure,agreed ,closely with that of similar branches 
of , the common hemleck spruce. " 
In 1874 Dr. J. G. Hunt, of Philadelphia, gave the results of 
his examination of some substances which had been . supposed to' 
come from the stO'mach Qf a, mastQdQn rQund ' at Wayland, New 
Y.QJ;'k. I;I:e fQund abundant remains 'Qf cryptQgams' and flower-
ing plants·, stems and leaves Qf mQsses, and a fragment ef prQb-
ably a rush. Pieces Qf WQody tissue and Qf bark of herbaceeuf:: 
plants and spiral vessels 'were abundant. "It thus appears 
that the animal ate his last meal frQm the tender mosses and 
bQughs .Qf flewering plants grQwing Qn the banks ef streams and 
margins Qf the · swamps rather than fed Qn submerged plants; 
and it is prQbable, mQreover, that the pines., cedars, and their ' 
allies formed nO' part Qf the mastodQn's fQod." 
FrQm Gray's and Hunt's results Qne may conclude that mas-
todons varied their diet accQrding to' t:p.eir t~stes and circum-
st~n<;les. Other QbservatiQns. on supPQsed .stQmach cQntents of 
mas to dens have been made, but they lack accuracy Qf Qbserva-
tiop.. and Qf determination. ' 
The subject is discussed· at greater length in Warren's Mono- . 
graph on the Mastodon, edition Of 1852, page 144 . 
• ; • r 
M ammut pro genit(lm, new ' species. . 
This species of mastodon, ·believed-to 'be distinct from Matm- } 
'mut americanum, is based on a lower jaw, No: 29·2 of the col-" 
lection of vertebrate ' fossils at ·the· University- Of ' Iewa. This' 
jaw was found apparently in 1910, ' in ·'the ' Cox gravel . pit, .at' 
M~~S9:!-li'i<Yal~ey, Harrison county"Iowa. It was described· and 
ng}l~~p. by Oalvin in _ ~,911 (Bull. Geol. ~oc. Amer., 'Vol. XXII, ' 
p. ~13, pls. xx and xxi) under the ,na,m,e Mast·odon americanus. 
Fi~r.e~ are here presented which are made from the same .phQto- I, 
. graphs ' as those used by Calvin (PI. XLIV, figs. 1, 2), but re-
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dllced in size. The 'following maybe presented as the diagllosis 
of' the cnaracters of the · species as represented 'by the tyPe: ' . 
Two lower tusks , pre'sent throughout life; these much larger 
than those occasionally found 'iri M. americanum; ' sYmPhYSIS ' 
of lower jaw longer than in M. americanwrn; cliin less constricted 
at the sympliYf;lis, as viewed from above, and not truncated }n 
, front. 
The aniinalwhich possessed this jaw was a very old one. 
Only the last molar was left in each side of the jaw, and this ' 
was worn down to the very roots. The following are the dimen-
~ sions of this jaw as furnished by the measurements or Calvin 
and the writer. -
Lengtb from front of symphysis to hinder border just above the angle ___________________________________________________________ 830 mm. 
Length from front of symphysis to rear of condyles, in straight line _____________________________________ ________________________ 920 mm. 
Height of coronoid process above lower border of the jaw ______ 425 mm. 
Height of condyles above lower border of jaw ____________________ 410 mm. 
Length of the symphysis ______ .:. ___________________________________ 212 mm. 
Height of the jaw at the front of m .• , ______________________________ 192 mm. 
Thinlmess of the jaw at the front of m.8 ___________________________ 120 mm. 
Width of the ascending ramus, from rear of the condyle __________ 290 , mm. 
A computation shows that the length of the sYmphysis equals 
23 per cmit of the length of -the jaw from front of the symphysis 
to the rear of tlie condyle. In the mounted specimen of masto-
don in the National Museum the corresponding percentage is fif; 
teen'; in the case of a jaw of a rather young specimen, with 'ml 
just coming into use, No. 188, National Museum, the percentage 'is ' 
seventeen; and this is 'found to be true in the drawings of jaws 
found , in Warren's ' monograph. The ' symphysis of M ammut 
rprogeniu'm is therefore relatively much longer than in M. ameri-
canum. ' The length Of the sYmphysis may also be' compared ' 
with the width Of the ascending ramus; In the rilOunt'ed masto-
don in the National Museum the symphysis equals fifty-four per 
cent 'of ,the width of the ramus; in No: '188 of the 'National Mu-
seum, ':fifty-six per cent; in M. progenium, 'eighty per cent. 
It will be"observed that' the form 'of the: lo~e<r jaw, w~en ob-
served: from 'below or above', is quite' different from that of, M. ' 
ameh canum.' In the latter the front of ' the jaw -Is ' som.ewhat' 
drawn out, then truncated in front. Behind this, the olier bor~ 
M 
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der of the 'jaws diverge rapidly and usually to, or 'almost to, the 
eondyles. The jaw shown on plate XLIII, figure 2, shows this 
divergence in the hinder half of the rami less than usual. In 
the jaw of M. progeniwm the rami cease to diver,ge opposite m.s 
and there is even some constriction. There appears to be no 
reason for supposing that there is here any distortion from 
post-mortem pressure. 
Occasionally in the lower jaw of M. americanwm there is a 
'single tusk, rarely two of them. These have heen already dis-
cussed. The great anatomist, Richard Owen, concluded that the 
animals with the lower tusk or tusks wer,e males; the others, 
females. He believed that the single tusk was always found on 
the right side; but the Warren mastodon haE; it on ' the left. ' It 
seems probable that one or both tusks may be shed even' at an 
advanced , age of the animal. The ' tusk ,rarely exceeds about an 
inch in diameter and a foot in length; although the extremity is 
often missing. 
Now:, in the lower jaw of the extremely old animal under de-
" scription here, both tusks were present. Their presence is in-
dicated by the widely open sockets. The vertical diameter of the 
socket measured, the right"is 73 mm.; the transverse diameter, 
50 mm. These measurements show that the tusks were far 
larger than those now and then found in M. americanum. The 
depth of the socket is 160 mm. The measurements show likewise 
that the tusks were considerably compressed, the horizontal 
diameter being about two-thirds of the vertical. What the form 
and the length of these tusks were, beyond the sockets, we can: ' 
,only' surmise. In the collection is a small tusk, No. 25, found in 
the Co~ gravel pit at Missouri Valley, which presents the ap-
pearance of having belonged to ' a lower jaw (PI. LII, fig. 3). 
Its distal end is missing and the proximal end is somewhat in-
jured. The tusk is considerably curved and what remains of it 
is 570 mm. long. About 200 mm. from the basal end one diam-
eter is 67 mm.; the other, 56 mm., and the flattening is in the 
' plane of 'the curve. It seems not improbable that this tusk was 
the .lower tusk of a specimen ' of M. progenium; but naturally 
this cannot now be proved. 
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,in the type jaw the lingual gutter is somewhat peculiar in' 
being overhung on each side by the upper borders 'of" the jaw. 
These approach until they are only 28 mm. apart. "On the outer , 
face of this part of the jaw the surface is concave as it rises to: 
'the dental border. 
: In this 'specimen the penultimate molar, m.2, ' had been pu!:?hed 
.out on the right side of the jaw before the death of the animal; 
that of the left side seeins to' have been lost after death, for 
there remains a part of one root. As ,stated, the crown of ~.8 
is worn down ,to its base. The grinding surface Of the left molar 
forms a 'concavity which is surrounded by 'a ring of enamel; but' 
on the right side a: part ~ven of this is missing. This attrition of 
the tooth had so weakened it that, ,before the death of the ani-
mal, the teeth had each split into two parts. The 'inner wall of 
each' had broken' at the middle of the second crest and the cleft 
had run , backward and outward to near the , hinder end of the 
tooth. That this had occurred before death is evident, as Oalvin 
remarked, from the fact that the edges of the fracture had been 
rounded off. The right tooth has another cleft, which crosses 
its , front.; but Oalvin concluded that this was a post-mortem 
break. I't is not improbable, however, that it happened under the 
strain of chewing just before death of the animal. 
It is evident that the hinder molar had four transverse crests 
and a heel which was essentially a crest. 
It appears barely possible that the crowns of these teeth did 
not "have the simple pattern which is seen in M. americanum, but 
that the ' transverse valleys were more or less clogged up with 
accessory conuIes, now all worn away; but the· writer did not get 
that impression when studying the teeth. In this case the animal 
would probably come under Oope's genus Tetrabelodori.; which 
name, however, ' it se'ems, must give place to Bunolophodon 
Vacek. It seems rather that the animal was relate,d closely with 
M. americanum, of which it may be regarded as the Aftonian 
ancestor. The writer believes that lower tusks will be met 
with more frequently and of larger size in the early Pleistocene 
mastodons than in those of ~ater deposits. In those found in 
deposits , overlying the Wisconsin drift, the tusks are usually 
wanting or of 'relatively small size, and when present usually' 
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single. Unfortunately, in the ,case of many of the sp~cimens 
, of so-called Tetracaul'odons, we ' do not 'know the localities where 
they were found~ 'Some' certainly occu'r in post-WIsconsin de-
I J, . "\... ~ • .. • I ,' , 8 .. • • • • • 
' posits. Those found by Koch were in deposits outside of the 
drift r'egion; some described by Hays ' ~ere thoug4t t~ ~av~ 
come from Big Bo·ne Lick, on the border of the IiIilloian drift; , 
and they probably belonged to the interglacial sta;ge, followin&, 
the Illinoian 'drift epoch. ' In case the teeth of the animal here' 
described had the structure suppos'ed, it is probable that other 
mastodon teeth which' 'have been referred to M. ameri.canuni 
really belonged, to M. p'rogenium. ' It is to ,be hoped that other 
and ' b~tter preserved m.aterials will soon come to light. ' ' 
In , the Peyton ~~v:el pit, , at ;Pisgah, HarrisoI). county, was 
found the' left ramus and Syllphysis of the lower: jaw of a !pas-
todqn, which ,was figure~ by Oalvin under the name Mammut 
americanum (Bull. Geol .. Soc. Amer" VoL XX, p. 352, ,pI. xxv, 
fig. 2), and which has the number 2 in the collection at the ,State 
Unive:r:sity of Iowa. This jaw has so many resemblances to 
that of the type of M. progenium. that it is referred provision: 
ally .to that species. The jaw (PI. XLVIII, fig. 1; pI. LII, fig. 2) 
is remarkably large. From the rear of the hinder tooth to the 
front of the symphysis measures 675 IDID. Inthe case of a large 
jaw in the National Museum, from unknown locality, the corre-
sponding measurement is only 470 mm.; in the small mounted 
mastodon it is only 420 mm. The symphysis is 185 mm. long. 
The lingual gutter is 90 mm. wide ' at a point 75 IDm. behind its 
front end, and it ' narrows both forward and 'backward. On its 
upper border the symphysis inclines strongly downward; on its 
lower face, slightly downward, as the front is approached. In 
.the, front of the jaw are sockets for two tusks. ' The diameter 
of each is 45 mm. and the opening is circular. These sockets 
extend into the jaw a distance of 175 mm. They enter the bone 
in such a way that the tusks .must have been directed downward 
at an angle of, about 45° from the line of the molars. ' The flo'or 
of each socket is slightly convex; from which fact we may infer 
that Hie tusks were curved somewhat doWnward. ' 
At the fro~t of th~anterior tooth the, jaw is 175 IDID. p.igh and 
110 IDID. thick; in front of the hinde,rmost . tooth. the height is 
, ~ \ . 
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185 mm.; the thickness, 155 mm. The outer face of the jaw is 
very corive~ vertically. The inner face is slightly c.oncave in a 
vertical' di~ecti,on, but nearly flat fit the front of the hinderm~st' 
tooth. "' , 
In this left ramus ther.e are present all three of , the true' 
molars. The length of the tooth line is 380 mm. M'l is 81 mm .. 
long and 67 mm. wide. It is worn down until the face is nearly 
. fl~t, hui not yet to the roots. M'2 is 113 min. long and 87 mm. 
wide at the rear. Wear has affected the front two crests and 
very slightly the hinder on\'l. M'8 is a large tooth,. the 'length 
being 195 mm.; the width, 96 mm. at the third crest. Evidently 
it had not yet coine through the gum. There are practically five 
crests, the hinder being something more than a talon. Like the 
other crests, its summit is divided .by ,a longitudinal cleft. 
\ I" • • 
Genus RIlABDOBUNUS Hay. 
Elephantine animals whose upper' tusks were probably. with-
out an enamel band; 'inferior tusks wanting and the lower jaw 
much shortened. Hindermost molars of the type species with 
cross-crests composed' each of two blunt cones whose enamel is 
strongly fluted; transverse valleys blocked by contact of the 
principal cones. ' , 
The type of this genus is Leidy~s Mastodon mirificus. It was 
retained in the genus Mastodon by Cope. Others (Matthew, 
Lull, ,Schlesinger) have placed it in the genus Dibelodon of 
Cope. The present writer is not able to follow those authors 
who place this species in the sam'e genus as Mamm1.d ameri-
canum. ' It was his intention to refer it ,provisionally to Dibel-
odon, but ,on stUdying the history of this name he found that it 
is not , available. When Cope. proposed this term Dibelodon 
(Proc. Amer. Philos. Soc., VoL XXII; 1884, p. 7) he took as its 
type Leidy's Mastodon shepardi, belieying, on the strength of 
materials observed in Mexico, that. the lower jaw possessed no 
tusks. Later (Geol. Survey' Texas, Fourth Ann. Rep., 1893, p. 
58, pL Xv) , he described a lower jaw, found in Texas, which he 
'belieyed to belo.ng to M. shepardi and which had in it the base of 
a strong tusk. . This caused him to refer M. shepardi to the genus 
Tetrabelodon.. Evidently, . ther~ore, Dibelodon must be re- , 
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garded as a synonym of 'Tetrabelodon, unless it can be shown 
that Cope's Texas jaw did not really belong to M. shepardi; 
Whether ' or not ·some or all of the oiher species which' have at 
times been included under the name Dibelodon, will be fo'und to 
be congeneric with Rhabdobwmts mirificus, cannot now be de-
cided; but other .sp·ecies appears to belong to a different. genus. 
It is not unlikely that the generic. diagnosis of Rhabdobunus .will 
have to he modified when more complete .materials shall hav.e 
been discovered. . 
' .: Rhabdobunus ' m,irificu.s (Leidy). 
This species was founded .on the greater, part of a lower jaw 
which was discovered by F. V. Hayden within the present state 
of Neb.raska. In Leidy's ea:rliest description (Proc. Acad. Nat. 
Sci. Phila., 1858, p. 10) he reported that the type jaw had been 
found in the valley of Niobrara river. In 1873 (Contributions, 
etc., p. 330) he stated that it had been described from the Plio-
. cene of Loup Fork river; also, that it had . been reported from 
Niobrara river. It seems, . probable that the latter statemept 
made is the correct one. On the jaw is printed by Leidy's hand 
"Lc;mp Fork of Platte River." Of the type jaw the left ramus . 
was figured in Leidy's work "The Extinct Mammalian Fauna of 
Dakota and Nebraska," plate xxv, figures 1 and 2. This part 
of th~ jaw is now in the eolle-ction of the National Museum. The 
right side of it is in the Philadelphia Academy's collection. 
Leidy's figure shows that the jaw has suffered slight injuries 
since the illustration was made. : 
. It has' been: supposed that this species belonged to the Plio-
cene or even to the Miocene. However, in Leidy's work las~ 
cited, on page 251, it is stated that Hayden had observed mas-
todon remains, probably belonging to this species, in association 
with those of Hipparion and Elephas, at the head ' of the Loup 
Fork branch of Platte river, between that :point and Niobrara 
river, and in the course of the latter. This seems to indicate the 
presence of Pleistoc~ne deposits in that region; and, certainly 
. Elephas colu;m~i is there 'found. Furthermore, Leidy stated . 
that in the Smithsoruan collection, he had seen jaws and teeth 
of ~hat he regarded ,as Mastodon mirificus and Equus excelsus 
f~om Sinker creek, Idaho. He~e ' again we have Pleistocene age 
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indicated. The writer has found here the Equus tooth referred 
to, but not the specimen referred toM. mirificus. ., 
Leidy's two figures of the left ,side of the jaw are here repro- ' , 
duced but on a smaller scale (PI. XLVIII, figs. 2,3), being only 
one-fourth of the size of the object itself. These figures show 
the structure of the last moJar and of the part of the jaw re-
maining, especially of that part of it in front of the tooth. 
JUdging from Leidy's figures and measurements it is concluded 
that 30' mm. of the tip of the chin has been lost sirice it was 
figured. The following' measurements are taken partly from 
Leidy's paper, partly from the specimen itself: 
MEASUREMENTS OF TYPE OF RHABDOBUNUS MIRIFIOUS. 
Greatest breadth of the jaw 'from outside to outside of the rami 
and passing through the fifth crest of the molars (Leidy) ____ 413 mm, 
Distance from tip of chin to rear of the molar, in straight line (Leidy) _________________________________________________________ 431 mm, 
Distance from tip of chin to middle of line joining rear of molars (Leidy) ___________________________________________ ' ______________ 419 mm, 
Length of the symphysial gutter from rear of symphysis (Leidy) 122 mm, 
Greatest thickness of the left ramus below the fourth cresL_____ 150 mm, 
Least thickness of jaw, just behind the , symphysis________________ 68 mm. 
, Height of the jaw at the front of the tooth_. ____________________ 150 , mm. 
Height of the jaw near the hinder end of the tooth________________ 125 mm. 
Total length of the tooth at the base of the crown ___ '-____________ 212 mm. 
Width of tooth at the base .of the third crest ____________ -:- _________ 80 mm. 
, A feature of the jaw in which it is different from that of 
Mammut amerieanum is that it comes to an acute point in front, 
instead of being truncated. This shows that there were at no 
time of life any lower tusks. A very remarkable character of 
the jaw, as compared with that of Mammut americanum, is 
found in the condition of the upper border in front of the molar ' 
present. This ' animal was dO,ubtless well along in life, having 
only the last molar left in the jaw. This mol.ar 'is worn on the . 
grinding surface back to and on the fourth crest. Nevertheless, 
, the anterior crest lacks 25 mm. or 30 m~. of being worn down 
to the base. In MamJmut ,americanum at this stage of wear , 
there would certainly be yet present the preceding molar; and, 
,at every stage of wear, its socket, :aIled up perhaps with bone, 
would be in evidence. In the jaw under consideration, however, 
the alveolar border is acute from the front of the molar present 
to th ~ tip of the chin; and there is not the slightest indication 
that/any other tooth had ever been present. , The second true 
, 
{ ,
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molar must ,have,be'en shed a considerable time before the de'ath 
of the animal. No sign,of 'wear 'of the front of tb,e molar present 
against its predecessor is observed; but the front of the ' t"ooth 
shows, some injury'sustained during life, perhaps through caries, 
and this might have removed any surface polished' by attrition 
against another 'tooth. The explanation of the ahsence . of the 
so'cket of ' the second molar is, as may be seen 'on ' examining the 
jaw of an elephant, that the last molar has moved forward and 
occupied it completely. , , 
'rhe tpoth, itself, is narrower in proporti'on to its length than 
i · M. americanum. There are six cross crests and behind the 
last of these a small talon. Each of the crests was composed of 
two blunt cones, or tubercles. The two cones are pressed so 
closely together 'that the longitudinal valley is a mere fissure, 
above which the summits of the 'cones rise but little. Likewise, 
the transverse valleys which are so widely open in the Ameri-
can mastodon, are here blocked up, except near the ' summits of 
the cones, the valley being somewha-t deeper 'a't i'ts inner end 
than &t the outer. These valleys are not, as is so commonly 
the case, among the mastodon-like animals, obstructed by the 
development of accessory conules, or tubercles, but through the 
expansion of the cones themselves. The inner half of the o~ter 
Clones is broader from front'to rear than the outer half, 'and the-
contiguous broader portions are pressed closely together, thus, 
as it' were, forming a broad dam across each valley; , Outside of 
the dam eacb valley is rather widely open. The expanded part 
of each outer cone corresponds In posItion to th:e buttresse.s , seen ' 
in the teeth of ,the American mastodon. 
The inne'r cones are not so closely appressed as the outer 
cones, except at their bases. ',' 
The striking character of the teeth is the 'fluting of the enam~ 
el. The' enamel' of the inner 'half of the outer cone and the .outer 
two-thirds of the ' inn'er cones, is thrown into folds which run 
from the ' base to the 'summit. Where the ' tooth is worn down 
these folds appe~r a$' thick festooned b~mds of e~amei, as L~idy 
has described them. Of these folds there are about six in each 
corie' of the transverse crests. In the ·type specimen the ~qnes 
of the first and second', crests are worn down ' below the 'bottom 
of the"longitudinal valley 'between them, so 'that the' dentin J qf 
, 
RHABDOBUNUS FROM IOWA 377 
the outer cone is joined to that of the inner. The next two crests 
had,not yet been abraded ,to the 'b6ttqm of the longitudinal fur-
row; while the fifth had not been worn through the enamel of 
the summits . of the cones, . and that of t'he sixth crest had .not 
been touched. . 
Over the whole of the sixth crest there is a coat of cement; 
and all the crests, with their cones, were probably originally so 
covered. Patches of ceme:p.t still appear 'in tlie valleys of t~e 
hinder part of the to'oth. , Unfortunately, in the :interior two- , 
thirds of the t09th, the enamel of the outer and inn~r faces has 
been broken away. ' . 
The anterior part of the roots of the. tooth is hl;ll'ied in the 
jaw, so that if cannot be exaniined. At the rear a part of tp.e 
root is exposed. Under the hindermost crest thls root has a 
len,gth of 75 mm., but a portion of its lower extremity is missing. 
Leidy had 'in his ' po'ssession no upper teetl:t of this species. 
Fortunately, these have been found in Iowa. Many years ago 
a well was being dug on the tarm 9£ Severin Jensen, about two 
miles east of Akron, Plymouth county. The exact locality, as 
given by Professor Shimek, is the northwest quarter of section 
33, t'ownship 93 north, range 48 we.st. Th~ well was .sunken 
probably to theN ebraskan drift. At a depth of twenty feet 
tw<? teeth, some fragments ~f tusks, and some cra:nial bones of a 
large animal were found. These remains were met with in a 
bed of ferruginous sand over which lies Kansan drift. They 
are now in the collection at the University of Iowa. They were 
at first regarded as belonging to an elephant; later,' as the re-
mains of the 'American mastodon. Calvin first recognized 
the t,eeth as appertaining to Leidy's Mastodon mirt/ic1kS; and 
he published a' description" of' them 'and a figure of the hist 
molar 'of the right side of th'e jaw (B-q,li. Geol. Soc. Amer., Vol. 
XX, . pL xxvii). The' investigations made by , Shimek (BulL 
Geol Soc. Amer., Vol. 'XXI, p. 126)' show that the deposit be~ 
longs fo .the Aft6nian sta,ge. Thus the fact that this species be-
longed to ''the low.~r Pleistocene h&s been established. The 
fragJIie:nts of tusks and of the skull have pot 'been fitted together, 
on aMount of the small size .0'£ the pieces. Prof. A: .0. Thomas 
r • • i' " .~ 10 • 
reports that he has examined carefully .the fragment.s of ,the 
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,tusk without finding any evidences of an enamel band. He has 
'sent the writer a piece showing a strip of the outer surface 
. about 45 mm. wide. ' This is covered by a layer 2 mm.' 'thick of ' 
harder' ivory, but there is no enamel present. Of course, the 
, enamel band, might show elsewhere, in case it -were 'present. 
, Two figures are here published of the right tooth of this 
specimen, one (PI. L) showing the grinding surface, the other 
-(PI. XLIX, fig. 2) the inner face. Both are from photographs 
furnished the writer by Professor Calvin. On the figure of 
the grinding surface certain results of mineral stains have been 
touched out, which somewhat interfered with the view ,of the 
,folds of enamel. The left tooth does not show the structure of 
the tooth quite so well as the right one. ' This tooth resembles 
,closely that figured by Leidy. There are present,as in the type, : 
six cross-crests; but, in addition, there is a more prominent talon 
consist,ing of four tubercles. In this hinder region, too, there 
'is an accessory tubercle between the two cones of the last two' 
crests. In fact, these teeth might be regarded as having seven 
crests. A tubercle is found at the end of one or two of the 
transverse valleys. The right tooth has a length, as measured 
by Calvin, of 216 mm. The left tooth is slightly larger; Calvin 
gives as the length 222 mm. and a width of 83 mm. at t~e second 
cross-crest. ' The writer made the length of the left tooth 230 
mm. , In the hinder half of this tooth, between the cones and on 
their bases, is seen an a~undant coating of cement. 
The roots o£ these upper teeth resemble closely those of the 
corresponding teeth of Mammut americanum. In front there is 
a powerful root which supports the .greater part of the anterior 
crest. It i~ curved b'ackward until its tip is situated above the 
middle of the length of the tooth. In front, on the inner side of 
the tooth, is another strong root which supports the inner ends 
.of the first and second crests; a very large, much grooved root 
supports 'the outer end of the second crest and all the others 
behind the second. Another tooth of the collection, ~ o. 267, 
from an unknown locality, is the last left upper molar. It has 
only five ' crests- and a large rounded talon. It is only slightly 
worn and shows the cones standing out quite freely , fro~, one 
another, except 'at their bases. " 
.' 
. . 
REMAINS OF MASTODON IN IOWA 3'll! 
NOTES ON THE MASTODONS WHICH HAVE BEEN FOUND IN IOWA. 
It is intended here to give especial attention to the disco.veries 
of mastodons, Mammut amerioanum, Mammut progenium, ap.d 
Rhabdobunus mirifious, which have been made in Iowa, and to 
indicate on a map (Plate LITI) the locations of these discoveries~ 
Doubtless many finds of these animals have been made which 
have never been reported; and probably a few which have been 
reported' have escaped the·wrHer's notice. It is thougl;tt to be 
most convenient to discuss these discoveries by counties and to : 
take these in their alphaoetical order. It is to be understood 
that in some cases it is doubtful whether the identi6cations have . 
been correctly made, and that the remains may really belong 
to so-me of the elephants. Possibly such cases ought not to' 
have been entered on the map. 
It is found that mastodon remains have been met with in 
twenty-two.,counties, possibly mor~. It will be observed that few 
have been found in the northeastern third of the state. It is 
difficult at present to explain this, for mastodon remains occur 
in southwestern Wisconsin and ' in southern Minnesota. We 
can hardly doubt that at various time!S during the Pleistocene 
perio"d mastodons inhabited northern Iowa. ' It is possible that 
remains left there have been concealed by later deposits. Thatl 
region is covered mostly by' Iowan and Wisconsin drifts; but 
we know that the America~ mastodon lived after the time of 
the latter drift, and thI:ee localities furnishing remains of it are 
shown on the Wisconsin lobe in Iowa. It is not improbable' 
that attention has not been directed towards finding, preserving, 
and repo'rting these objects. It· would be preferable to consider 
those. mastodons together which are found in deposits of the 
sa'me age'; but, unfortunately, one cannot yet always be 'sure of 
the age of the deposits. 
On' the map here shown (PI. LUI) the locations of the speci-
mens described are indicated by black dots within each of which 
is a. white number. A corresponding number precedes in 
parenthesis the description of the specimen. In a few cases, 
however, two localities very' near :each other are placed under 
the same number. ' . . . . , 
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Benton County. (1): From Netta C. Anderson's list of inas-
'todon and mammoth remains found in Illinois and Iowa (Au-
gustana Library 'Pubs., No.5, ' p. 25) if!s learne~ that a rio .and 
a tooth, supposed 'to belong to Mammu,t 'american'/,{lm, have been 
forind in the ' alluvium of Bear creeK, p.ear Shellsburg. The tooth 
is said to have been well pre'served, and to have been about 'the 
size of a five or ' six-pound flat-iron. Probably a large inasto-
don tooth' just out of the ' eart4 and .soaked with water would 
have the weight mention€d. The tooth is in the posse'ss.ion of 
,Mr. J. A. Burns, a son-in-law of MJ::. J. Grubb, living at Shells-
burg. Mr. ,Burns informs the writer that the 'tooth ~as found i:q. 
.the creek; in. section 33, township 85 north, 'range g' west. ' The 
tooth is a last molar with four cross-crests and a heel. It is 
not less 'than six inches long and a little more than three wide. 
Nothing definite is known regarding the age of the tooth. The 
region is covered by Iowan drift; but this overlies the Kansan; 
and the ' tooth may have been washed out of almost any of the 
interglacial deposits. 
Boone County. (2). In the collection of the Iow~ State His-
torical Department, at Des Moines, there are preserved from 
this county various remains whicp belong to the American lll:as~ 
t'odon. These were presented to the rrlUseum by Mr. L. Hamilton . . 
There is nothing to show in what part of the county , they 'were 
found, nor any indication of the conditions under which th:ey 
occurred . . The location being doubtful; the number on the map 
is placed at the center 'of the county, near the town of Boone. 
There is likewise ' nothing .to show how many indiViduals are 
represented. . " , 
An upper third true molar of the left side, little worn, has the 
eatalog ,number 4520. There is also a jaw without the ascend-
ing rami and without the teeth, except some roots only. ThiS' 
has the number 4511. Besides these parts, which may without 
difficulty be identified' as ,to' genus ahd species, there are other 
parts , w hieh quite certainly belonged to a mastodon. 'There are 
a left scapula and the lower e.nd of another' of the left side, thus 
indicat~g_ two individuals. An ulna' is represented by the upp~r 
half; and the pelvis by an acetabulum and the 'surrounding parts. 
There is also an atlas, a section of whose upper arch agr'ees WIth 
that of the American m;:tstodon. 
" Th'e' surface. 'deposit-in BQQne 'cou'nty cQnsists 'Qf' W{sc;nsin 
( ~ .' • • " '. -, 10 • •• • f 
drift; but this is dQubtles's ' underlain 'by the Kansan sheet. In 
fact; the latter appears' to. be reached at 'some, di'stance ab'Qv'e the · 
river level. The mastQdQn ,bQnes may have beeri fQund in SQme 
'dep:osit Qn ,the Wisconsin diift,.'Qr iIi SQme intergIaciai 'depQsit 
belQw. this. These' remains ,wQuld 'be mu'ch mQre valuable had 
even the exact lQcality Qf discovery been' given. ' 
Cd,rroll County. In the State Uiliverslty g~QiQgical cQllectiQn 
is the distal ena. 'or a tibia which was found at or nefl,r the tQwn 
of CarrQll. T4is, bQne appea,rs tQ: h~ve ,belQng-e,d to. a mast·Qdon. , 
~ The lQcality is' Qn the bQrder Qf ' the Wis,c<;msin drift and~)the' 
animal prQbably lived after this drift was depQsited. . .. . , 
. . ~ ~ . 
Olayton County. (31). PrQf. k O. ThQmas, -Qr- the State 
University Qf IQwa, .has sent the, writer a phQtograph and nQtes 
Qn a mastQdQn tQqth which was fQup.d in a grl;l.vel pit two. ',miles 
east Qf Garbe.r. The exact lQcality is seGtiQn. 32,', tQwD:ship 92 . 
nQrth, range p, west., The age Qf the gravels is said to. ,be un-
certain, these l)eing either Kl;I.nsan 'Qr IQwan valley: t:rainsr their 
fresh:Q.ess making them mQre probably .the, lat,tar .. The tQ.Qth is 
evidently an upper secQnd true m:Qlar, . It is in .the hands.,Qf· Ii . 
private collectQr. 
, ' , 
Clinton County; (3). In the OhicagQ Academy ·Qf Science 
is an upper . last left ' mQlar of Marmrnut ame'Yicanum which· i:;; 
said to. have been fQund near ClintQn. :It was.presel).ted to. the 
Academy by J. W. FQster, the geQIQgis-t.The 1t0Qth 'has' five 
crQss-crests: FrQm the same place, there ' is , in the Academy a ' 
slender tusk which has been regarded, as that 'Qf, Eleplhas p'f'imi-
genius, but this cannQt' at present be cQnsidered: 'as' certain.; . 
(4). FrQm ·Mr. LQuis RQckrQhr, living near Bryant, ; GlintQn , 
c!:mnty, the', writer .has. receiv,ed a ·phQtograph.of a mastodQn ' 
tQoth wPich he had JIDearthed while lQading SQme gravel, at a 
depth. Qf ahQut eight feet. belQw the Qriginal surfac'e Qf ,the 
g'rQund. ,The tOQth is . the last left mQlar. ' It appears to.. have 
been w!lolly unw,Qrn, and it shows the. bases' Qf the rQQts. Pe'r-
ha:p~ ,some ,partsQf these .have ·been lQst since the death -Qf ·.the 
anim\ll. .There are apparently :five crQss-cr.ests. .The tOQth ,has 
a)ength 0f, !;leven and one-half inches. (190 .. mm;) ,and a- ~dth. 
. Qf fQur and Qne-half inches (115 mm.) . The regiQn abQut Bryant 
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is covere~ with Kansan drift. It, seems hardly probable that 
this b'ed of gravel was below tJJ.is Kansan'drift. It must belong ) 
to a post-Kansan .stage; but beyond this the writer' makes no 
conjectures., 
. Crawford County. , (5). In t};l.e' University of Iowa collection ' 
there is a tooth of a mastodon, M ammut americanum; which was _ 
found at Denison, by Mr. James,Mill. 
It was formerly supposed that the gravel pits at Demson be-
longed to the AftoniaIl; stage; but this is now regarded as ' un-
certain (Shimek" BulL, Geol. Soc. Amer., VoL XXII, p. 212). , 
The various species which have been discoveredther-e have been I 
mention~d on page 56. ' : 
, In 1909 (Bull. Geol. ,Soc. Amer., Vol. XX, p. 352) Calvin ,fe- , 
ported from 'Denison fragrilents of two tusks and a tibia (op. 
cit. pI. xxv, fig. 5). The tusks can be referred to M. ameri-
canum only pro~sionally. One of these tusks has in the State : 
Upiversity collection the number 28. It.is about three and a 
quarter feet long (1028 mm.) and 'has a diameter of 108 mm. 
The surface is smooth. The other fragment, No. 29, is about ' 
950 mm. lon.g, with a diameter equal to that of No. 28. Its sur-
face is striated lengthwise. " : 
Dallas County. (6). In the Bulletin of the Geological So-
ciety of America, Volume XXII, page 215, Professor Calvin re- , 
ported that in 18t6 a complete skeleton orMammut ameridanurn 
was ~<)1ind at A'del. 'It was met with in a peat deposit which ' 
pattly filled a "kettle" on the surface of the Wisconsin drift. 
Nothing is known as to what became of this valuable find. As 
to its geological age we can hardly be in doubt. The animal had ' 
certainly lived ' and died after the passing of the Wisconsin I, 
ice-sheet. . 
Greene County. (7). In the ~ollection of the 'Iowa State 
Historical Department, at Des Moines, there is a scapula of the 
right side which is labeled as coming from Rippey, in Greene 
county. It is credited to B. F. Osborn.. The height of this 
, bone is 790 mm. The spine has its· base 'so far from the front 
edge of the bone that almost certainly M ammut americanwm is 
' indi~ated: Th~re is no record regarding' the circumstances un- , 
de: which the di~covery I waS mad~. , As this region is wholly 
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. 'covered with Wisconsin drift, the animal must have lived in the 
stage su.cceeding it. ' In the same collection there is a humerus, 
No. 4514, from the same place and pr<;>hahly a part. of the same 
individual. 
Harrison County. Many remains of mastodons, as well as of 
other animals, have been discovered in the Aftonian deposits of 
this county. The greater number of these are referred to 
; M ammut a.mericanurn. 
(8). a. First of ap must be mentioned the lower jaw which 
. :is described on page 368 under the name of Mammut progeniwrn. 
This was .found at Missouri ValIer. 
b. Number 89 of the collection at-the University of Iowa is a 
fragment ofa tooth found by Professor Shimek at the Cox 
gr8:vel pit, two miles southeast of Missouri Valley. 
c. Number 247 is a second upper right molar which. was col-
. lected at the Cox pit by Claude Cox. The length of the crown is 
. 103. mm.; the width, 80 mm. It is worn on all the crests. Roots 
are present. 
d. Number 15 is an upper left molar, apparently the first. It . 
was collected at the Cox pit by Professor Shimek. Its length is' 
clos~ to 95 mm.; its with, 75 mm. In front are two roots,olle 
on the outsidesupportillg a part of the first crest; another 
supporting the second crest and a part of the first. Behind 
these is another broad root. Inasmuch as this tooth has four 
roots, it is possibly ~ very small second molar. 
e. Number 26 is a much worn lower second molar, all the 
crests being obliterated and all the dentin~l areas opening into 
one . another. The hinder root had been absorbed; the anterior 
root was yet of full length, 140 mm., but with its borders partially 
absorbed . . This, too, was found in the Cox pit. 
f. Number 90 is a last left upper molaT, a ~ good tooth, but 
with a part of the first crest w~nting . . It had hardly begun to 
wel'tT. The talon is really a two-pointed crest. The tooth origi-
nally had a length close to 195 mm. It is stained very black. 
· From the Co;x: pit. . 
g. Number 12 is an upper last molar of the left side. It is lit~ . 
· tIe. worn and {he roots are nearly complete . . There are four crests 
· and a heel of two large tubercles. Found in the Oox ,gravel pit. 
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The . writer has not b,een ab~e to perceiye that this tooth .differs 
in any way from others .of Mammut americanum; b:qt there is. a 
P,9S.~ibilit*', tha~ it belonged to Mammut prpgenium. The ;w.riter 
has thought the tooth worthy of illustration, and is is therefore 
shown on plate LI, figs. 1: 2, of two-thirds the natural size. The 
same tooth was figured by' Cahin (BulL Geol: Soc. Amer., V,ql. 
XX, pI. xXv, to 'the left of fig. 6). , . 
h. '" Calvin (Bull. Geol~ Soc. Amer., Vol. XX, p. 352) mention!,! 
a scapula which was found in the gravel pit at Missouri Valley, . 
but which was aUo.wed to 'fall to pieces. 9f course, it is 'impos-
sible to 'say 'whether it belonged to, a mastodon or to one of the 
elephants. . \ 
i . . In the collection in Iowa City' is a fraginent of the skull of 
some proboscidean, consisting of the basi-occipital region and 
the contiguous parts, including the right articulation for the 
lower jaw. This "is illustrated by figure 3 . of plate XLIX. 
While it has not been practicable to bring this fragment into 
direct cQmparis'o'n with the skull of a mastodon and of the 
elephants, an examination of the photograph in the presence Of 
skulls seems to indicate that the fragment belonged 'to a masto-
don. It may; therefore, be' regarded as that of Mammut q,meri-
canum; hl~t it is possibly that of M. progeniu.m. 
j. In the oft-mentioned Cox pit was found a right ischium, 
No. 30 of the collection at Iowa University. A cross section was 
taken at a distance of 125 mm. from the acetabulum. Here the 
greater diameter of the bone is 68 mm.; the thickness, 51 mm. 
'The section resembles more closely that of Marmmut armericalnum 
than it does that of any of the elephants. 
(9.) ' In the P~yton gravel pit, at Pisgah, was fQund the lower 
jaw 'and 'teeth which were briefly described and ~gured by Ca:~­
vin. It has already' 1>een described on page 372 and referred 
, provisionally to Mammut progenium . 
. Henry,county. (10). in Netta C. Anderson's list, p. 27, 
Prof:. T . . ~. Savage reported ,that teeth and·bones ·of a mastodon 
had been dug up in making a well near or in Mount Pleasant. 
The remains are said to have been met with in, or .immediately 
belo'\y., Kansan. drift.. They: .pro bably were in Aftoniandepos~ts'. 
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The teeth and bones a,re reported to be now in the Iowa Wes-
1eyan' College, at Mount ;Pleasant. 
(11). In the Anderson list it was reported by Prof. Frank 
Leverett that some mastodon teeth had been found somewhere 
about Salem; but Leverett had not himse~f seen the teeth. They 
might therefore have been those of a mammoth. , 
In the same list Dr. J. M. Shaffer, of Keokuk, s~ated that two 
mastodon teeth had been dug up near the bank of Skunk river 
in this county. 
Jackson County. (12). In the Anderson list, already re-
ferred to, on page 27, Prof. W. H: Norton reported that an atlas 
and two vertebral of some proboscidean had been found at 
Maquoketa. These might, of course, have belonged to some one 
of the elephants. ' 
Lee County. (13). In the ~atalog of Netta C. Anderson, on 
page 28, Justus M. T. Myers, of Fort Madison, reported he had 
found on Lost creek a leg bone, two pieces of a tusk, and one of 
the short ribs of a mastodon. It ,is easy to see that these might 
quite as well have belonged to one of the elephants. Myers 
also reported that a 'molar had been found on' Sugar Greek. It 
is to be regretted that a record has not been m:ade regarding 
the disposition of these remains, so that one might examine 
them. On th~ map the dot numbered 13 is placed arbitrarily for 
both finds; inasmuch as these were not definitely located. 
In the collection at the Iowa Wesleyan College, at Mt. Pleas· 
,ant, is a complete last lower molar, with fine roots. Mr. Charles 
Buetner, of Burlington, who presented the tooth, has informed 
the writer that this tooth was found in a creek three miles due 
west from Ft. Madison., 
Linn County. (14). In the Anderson list, Prof. W. H. Nor-
ton; of Cornell 'College, reported that a small molar and the 
crown of a large molar had been found near Springville, on or 
in Iowan drift. These teeth are now in the collection of Cornell 
. College,. Mount Vernon, Iowa. 
In the . same list, Prof. F. C. Baker, of the Chicago Academy 
of S<fien~e, reported that in that collection there is a part of a 
- 25 
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A usk of a :mastodon which. was found in a grav:el :pit'aJ,Bertram, 
Linn county.- This might', ho:wever, b~ the-tusk oI':a manfmo~h . . 
: .Lyon County: {16},. ,The writer:has' received a letter 'from ' 
the Henry K~lil Company and another from Mrr Fred ,C. ,Smith, 
, of th~ Sioux City Academy of Science, reporting· ,the discQvery 
'of two large tusks at Doon, 'OJ;l. the line of the Gr~at ,Northern 
Railroad. They were unearthed by a st~am shovel. The tusks 
, were much broken as they came out; and besides tbis they soon 
crumbled. They were found in a bed of. ,grave~ at a depth of 
, ab~ut twe;nty-five feet below the surface .. , These gravels pro-
~ bably 'belong' to the Aftonian. 
: It is, of, cpurse, impo&sible t9 say whether these tusks belong:ed 
: to a plastod.on or to an elephant. They are mentioned here to 
preserve the record. ' 
In 1911 (Bull. GeoI. Soc. Amer., Vol. XXII, p. 215) Doctor 
" Calvin reported the finding of a large atlas at Rock Rapids, 
, which he .supposed belonged to a mastodon. The writer be-
lieves that it is the atlas of a mammoth Elephas prilmigenius, 
and it will be described on another page. 
Mahaska County. (17). In the collection of the Iowa State 
Historical Department, at Des Moines, there is an upper right 
~ last molar which is labelled as having been found in' this county. 
, The collector was J. D. Davis, of Des Moines. ~t is unfortunate 
that no other facts' were recorded about it. One would like to 
,know' in exactly wha't part of the comity the tooth was found, at 
: what' depth, and in what kind (If deposit. This county is covered 
. by Kansan drift, but it is quite certain that it is underlain' by 
: N ebrask;an, and that between the two may occur Aftbnian. . Be-
Bides this, a considerable amount of loess is found overlying the 
drift. It would be of some interest to know in which of those 
"s'everal 'deposits the tooth was buried. 'The dot with the num-
"ber' 17 is pla~ed arbitrarily in the center of the 'county. ' 
. t' " , " ~ Mo'no~a County. , (18). Profes'sor Shimek (Iowa GeoI. Surv., ' 
j V oI:' XX; p: 343) reported the finding of a large tusk (PI. XLIX, 
fig.) nearlY ,eiglit feet long on the outer curve, and a molar of 
'. 111 ammut ' american~m, in the Wilkenson wel~~ in the northwest 
: quarteroi secti~n 6; 'town~li.ip~'85 'north, ran,ge' 42 west. ~h{.g is 
. '
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ne~r; Mapleton . . The remains were foun.d at. a depth_ of froni 
t.hirty-five to forty feet; in loose sand and gravel. These ~ere 
regarded as belonging to the Aftonian . . Tn~ tusk 'has a 'di~~eter i 
at, the base of about 350 mm. and is ther~fore very large. The 
curve ' is all in one plan.e. If a line joins the two · extremities, 
the middle Of 'the fragment of tusk is 580 mm'. distant frQm ~he ~ 
line. This specimen was received from the Sioux City Academy ' 
Qf Science and has the number 234 in the collectio.n o(the ~tat~ : 
University of Iowa. , 
Nos. 204-211 of the Iowa University: collection are fragments . 
, of the skull of the same mastodon. No . .. 203 is the upper eild~ 
of an: ulna found in the same well. . 
(1~). The identity of the proboscidea~l remains .found n.ear \ 
Castana is in doubt. , 
a. In the collection of ' the Iowa State Historical Department, 
at Des Moines, is a large tusk, nu:niber-5537, which is labeled 'as -
having been found at Castana. It may be that of a mastodon ' 
or of one of the elphants . . 
b. Shimek (Bull. Geol. Soc. Amer" Vol. XXI, p. 131) records 
the fact that some yea~ ago a fl'agrnent of a large scapula was 
obtained from an old gravel pit, near Maple river,' op.posite 
Castana. ' 'l'he bone has th~ number 91 in the collection ~t Iowa , 
University. This mayor may not belong to Mammut;. and it is I 
not certain that the ,bone is a part of a scapula. It was collected 
by Mr. J: B. P. Day. ._ 
(20). In ·the Elliott sand pit, located in .the northeas(ern part 
of Turin, Monona county, have been found various' species' of ~' 
Aftonian vertebrates, ' as , Mammut, ; Camelops, Equus" etc· . .. '
MOJfY/:mut amerioa,num is represented by a last molar (Calvin; 
BulL Geol. Soc. Arner:, , Vol. XX, p. _355; Shimek, ,op. cit., VoL 
XXI, ' p,. 129).- This molar. belonged to the right side. ' All th(} .. 
creE?'ts ar~ more or less ,worn: and the roots are (in tlieir . prime . . . 
The bones' and teeth· from tbis pit were found in ',gravel at a'l 
depth of about ten or twelve feet. below the top of the Aftonian; ; 
Muscatine . Go~tnty. (21). , .T.heprobQscidean, remains fO'Qn(i 
inMlj.~cat,ine CQunty, are of s,omew.ha~ douQtful identity .. J. 'A: \ 
U d~~~ (Iowa Geol. S,ury.., Y ql,. IX, p; ,3,52) q.1,lotes a. report m~ae : 
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to the president of ·lowa University on some bones found on the 
banks of Mud creek (or Mad creek, as it sometimes called), near 
the town of Wilton, in the northern part of'the county:' It was 
not determined whether' the bones belonged to a mastodon ~r to 
a mammoth. N 0 t~eth were·found. . Ca~vin gives measurements 
of the scapula, two' ribs, the, first dorsal vertebra, the right tibia 
and a humerus. ' From Prof. A. O. Thomas the write;!" has re-' 
~eived a photograph of this scapula, which photograph :had 
, been preserved by Doctor Calvin. This is rep'roduced on, plate 
, LU! figure 1. It appears to be that of a mastodon. The follow-
ing. measurements were given by Calvin: 'Length from glenoid 
cavity to the' superior angle, thirty-nine in~hes (991 mm.) ; width 
from posterier ' angle to opposite border, twenty-eight inches 
(712 mID.) ; diameters of glenoid cavity, nine and one-half inches 
(241 mm.) and five 'and one-half inches (140 mm.); circumfer-
en'ce o{head, thirty-two and .one-half inches (82() mm.). Calvin 
at that time regarded the deposits as being modified drift. It 
has been thought too that the deposits are of Sangamon age. 
U dden (Augustana Lib. Pubs., No.5, p. 52) stated that the 
remains were found in Illinoian drift. 
UddeiJ. (Iowa Geol. Surv., ,Vol. IX, p. 360) stated that Pro-
fessor Witter had found in the loess a:t Muscatine a tusk and 
teeth of either a mammoth or a mastodon. Shimek (Bull. Geol. 
. Soc. Amer., Vol. XXI, p. 139) states tha;t Witter. found here a 
fragment of a molar of Elephas primigemus, and. that this was 
derived from a laye'r of -:Aftonian gravel about one foot thick. 
Page County. (22). Dr. Charles ·A. White, formerly State 
Geologist of Iowa, reported (Geol. Surv. Iowa, VoL I, 1870, p. 
'353) thus: "In the valley of the Nodaway River, near Clarinda, 
.some ,teeth of the mastodon have been found." Calvin (Iowa 
GeoL Surv., VoL XI, p. 413) stated that large bones which, from 
. the description, must have belonged to mammoth or mastodon, 
. were brought up from a depth of ninety or ninety-five feet, with 
piec~s of bark or wood. The place was near Blanchard. Calvin 
thought that there was indicated here an old preglacial valley. 
o · .Plymo~uth County. (23). It was from a well two miles east 
of Akrqn that were found the :remains which have been, on page 
377, described as Rhabdobunus mirificus. The bones were first 
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reported on by Prof. J. E. Todd. Further partieulars are 'gi~n 
by Todd in Netta O. Anderson's list, page 33. They were re-
garded as being in 'the upper part of the till, under loess. The 
weU was described by Shimek (Bull. Geol. Soc. Amer., Vol. XXI, 
p.126). The sand and ,gravel in which the bones occurred we.re 
regarded by Oalvin and .Shimek as Aftonian. ' 
(24). From Le Mars, Oalvi;n (Bull. Geol. Soc. Amer., Vol. 
XXII, p. 215) reported having received a part of a pelvis. This 
bas the' catalog number,259 in the University collection. This is 
a part of the left ilium, the whole of the ac~tabulum" and a part 
, of the ischium and of the pubis. A section taken across the 
ischium, just where the . groove begins which leads into the 
acetabulum, agrees well with that from the small mounted 
mastodon in the National Museum; but the fossil appears to 
have belonged to a still smaller 'animal. The section is 'triang-. 
u1ar, with the groove just mentioned in the base of the triangle. 
The height of the bone here is 86 mm.; the greatest thickness .' 
55 mm. The section taken across the pubis shows that the bone 
is broadly rounded above and in front, but flattened on the 
lower side and on the side bounding the ischio-pubic foramen. 
The two diameters are each 65 mID. In the ca se of M a;mmut 
americanum the shorter diameter forms only seventy per cent 
of the greater; in the Asiatic elephant it forms eighty-one per 
cent. The fragment found at Le Mars can hardly have belonged 
to M. americanum. It must have belonged either to M. pro-
genium or more likely to Rhabdqbunus mirificus, which seems to 
have been a small animal. 01' tho hon~ rlescribed may have be-, 
longed to one of the elephants. What with the lrijurp rl eondi-
tion of the bone and the difficulty of making direct compariso.r, 
with identified materials, it is impossible to say certainly hi' 
what genus it belonged. ' 
In ·the collection of the . Sioux Oity Academy of Scienc'e is' a 
part of a tusk of a proboscidean, which was found at a depth of' 
forty feet from the surface in the Grimes pit, one mile north-
east' from Le Mars. 
Polk Co~nty. {25}. In the collection of the State Historical 
Department' at ,Des Moines~ there 'iS" an upper last molar wlllch 
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)lpp~arsto have'been' found at Des Moit:tes and presented by Mr;: 
.J;. Hamilton. It has five crests. The .number is 459, . . 
Inasmuch as there are found in the immediate vicinity of Des 
Moines Kansan d'rift, Wisconsin drift, and loess, together with 
probably interglacial and postglacial accumulations, it is desir-
able that care be taken to collect every. scrap o~ fossil material 
and to record the exact spot where it was found .and the exact 
geological level. The' numerous brick yards ' in .and about the 
city would make such collections easily possible; , ,. 
Poweshiek County . . , Dr. J. A. Udden (Augustana Lib. Pubs. 
No.5, p. 53) reported a mastodon' from Grinnell; but Professor 
Norris, of Grinnell College, info:r:ms me that this was , a m~m­
moth: ' It is possible, ' however, that U dden had information 
of a .m~stodon also. ' 
I ~.' 
Sac 'County . . Dr.- Calvin (Geol. Soc. Amer., Vol., XXII. p., 
215) mentioned a fragment of a scapula, with·,the glenoid cavity 
and a, .part of the spine. , The writer is inclined to regard this 
as having belonged to Elephas and it will be there mentioned. , 
Scott County; (26). At Davenport, as stated by J. A: Udden 
(Iowa Geol. 'Surv., Vol. LX, p. 356), mastodon remains have 
been found in the 'western part of the town. U ddeIi concluded 
that the remains, whatever they were, had been buried in 
Sap.gamon soil resting on Illinoian drift: Leverett (M;onograph 
U. S . . Geol.- Surv., Vol.. .XXXVIII, p. 166), in 'discussing the 
geological: position of -the bones, thinks tha;t .they may- have b.een' 
derived from ·s.angamon lSoil 'a:nd"redeposited in the 'loess,. But,· 
if ' the ,remains oc'curred in ' th'e loess, may the animal ;not have' 
liv.ed at· the time the loess' was being' deposited~, Finally it ap-
p.ears :not improbable that through some error the remairis above' 
referred to are those of the mammoth wh~ch was found in a rail- , 
road .cut west of- Dayenport, ·See .pag,e '446. 
Story Cownt'y'. ··Ptof."M. 'Stalker; oCAmes; Iowa, noted (Iowa-
G<'lQl. 'Surv., Vol. lX,·p. 210) the ':fin:ding"of 'some ~'mammoth" 
bon~s at this place. There were some vertebrre; 'a part of 'a t 
Ij:lf'i !einJlf. and J)! a· tibia,; P!lt .;t;Lo cteeth. We. 'are, not inforx;n~d 
w4~ther comp~rison~ . .:\\fere m~de ·with .Qther : authenticate~ .ma:-. 
terials or not. The hones may have belonged to a mastodon. 
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Van Buren Coun,ty. ,.J.27J.. ·. In...the.collection at Iowa Univer- ' 
, ~ity there is a lower. ~e~~~, l~.st. ,mola! . fq~t .. No.: 3~?) " w.hich is 
recorded as having been found in ,the bed of Chequest creek, 
. near Milton, about 1890., by W. B. 'Ben. Most ' of, the: anterior 
. ~ crest , is ~lssing.. The 'whole l'ength : was' ab-out i 70 .mm: ~.' 'the 
'width is 107 ~m. " ." .. ' .. ~' , .. ' . 
• ! .. (2~ )., In the colle~t.i~~ of ~~e ' io~~ "~~ate Historical D.epart-
ment, Des fv.[oines, is a right hl;Imerus w~ch is said to . h~ve 
. been found at Selma and presented by A. B. Adams. The 
'width of the distal articular surface from side to side is 205 mID. 
'The diameter of the' shaft, where constricted, is 150 ID.l:l1. 'fl,'om 
: side to side; 125 mm. 'fore and aft. The constncted part is rel-
atively thicker 'than in the mounted mastodon in the National 
: Museum, and stili m~re so as compared' with the existing ele-
' phants. The bone probably belonged ~o Mammut ameri~anum. 
Wapello County. (29). From a place. about six miles south 
of Ottumwa there was reported (Kansas City Rev. Sci. and In-
, dustry, Vol, III, 1879, p. 242), by Mr. Houbler, the disco:very 
of a tusk of a mastodon. When found it was entire. Naturally 
it might quite as well have beel). the tU,sk of a mammoth.; 
In the collection at the Iowa Wesleyan College, a,tMt~ Pleas-
ant, are two ribs of a mastodon which . are labeled as , hav;ing 
beBn found at .ottumwa and pres~nted by ::Rev. E. C .. Bro,Qks. · 
· The innominate bones of a proboscide.an, labeled a~ having been 
· found in Des Moines river, in 1859, probably belong with the 
ribs. 
(33). This number records a left femur. which the present 
, writer regards ' as haVing belonged to' a mastodon . and which 
· was found in the gravels along Des Moines river, near Eldon. 
· This femur, according to, Prof. M; F .. Arey., is .now in the Natural 
· History collection. at the, . Sta'te 'Teachers College, alt Ce;dar 
· Falls. , 
, Warren ·County. ; (,-foh .. IIi Howe is' Annals of Iowa, Volume 
-II, 1883', page 102, A.· R. Fulton des~ribed, under ,the ' name 
Elephas 'a;meri'ca'itus) a tooth which, ,as the description plairi.ly 
, shows, and ;as appears to hav:e. be~n ·recogiiized by ' Fulton,' was 
· that of a,. mastodon .. . This had been ,fbimd on Limestone' creek,: 
· a mile and a.half west· of the village of. ~ew Virginia. ' 
- . 
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Genus· ELEPHAS Linnaeus •. 
Proboscidea whose' teeth are composed or'thin, relatively broad 
apd deep' plates of dentine, which is covered by a layer of 
enamel; the various plates thus formed held together by in-
tervening plates of cement, which also ' covers the whole ex-
posed part of the teeth; ntlInber of plates varying in thedif-
ferent· t'eeth .and in ihe different species. No tusks in the lower 
jaw.. Skull, high ·and arched. 
Although the teeth ' of our modern elephants and of most ex-
tinct forms di~er greatly fr.om those of the American mastodon, 
there have been found in southern Asia a few extinct species, 
referred to the genus Stegodon, whose teeth show' intermediate 
. conditions. There can be no doubt that the teeth of the ele-
phants have been evolved from teeth resembling those of some 
of the mastodons . . If the transverse ' ridges of ' a mastodon's 
tooth should increase in. height ·and in number, and should be-
come more and ' more compressed, and the cement should in-
crease in amount, so as to bind together an the plates thus 
formed, a tooth would result like that of the elephants. 
The skull of the elephants is more elongated than that of the 
mastodons, giving the animals a more intellectual appearance; 
but this is not due to any ,great increase in the size of the brain, 
but to the greater development of the air-cells in the bones of 
the roof of the skull. This increase in the size of the skull re~ 
suIts from the necessity Of providing a support for 'the great 
tusks and a broad surface for attachment of ligaments and 
muscles for sustaining the head. . 
Inasmuch as the stru'cture of the skeleton of the' elephants is 
in general like that · of the mastodon, which has been explained, . 
the various bones will not be described; especially since char-
acters for accurately distinguishing some of the bones of the 
two genera have not yet been discovered. It is proper, how-
'ever, to deal somewhat more in detail with th~ teeth. 
The tusks will not be described, since they reserpble {)nly too 
closely those of the mastodon. For an illustration of the in-
t~rnal structure see plate LIT, ~gure 4. They ar~ often more 
. cur:v:ed spirally,but this seems not .to be a character that can 
be 'relied on. The teeth of the elephants belong to the kind 
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called hypsodont, or hj,gh-cro~e4; that is the height of the tooth · 
is great in comparison with its length along the plane of wear 
and especially with the size of the roots. The roots are indeed . 
rather feebly developed. The result is that the touth has an 
immense body which must be worn .down before the tooth is . 
no longer useful. If one shall examine an elephant tooth that 
'ha,s been : somewhat worn by use, it will be seen that· the ,worn 
face is crossed by bands of three different kinds of. materials. 
There are thin plates, often running more or less zigzag across 
the tooth and standing a little above the other bands. .These 
are composed of enamel. They are arranged in pairs and be-
tween the two plates of each pair, is a plate of dentine, or 
ivory. The ivory is' not quite so hard as the enamel and is worn 
down a little deeper. The two plates of enamel and the enclosed 
flat core of, dentine form a composite mass that is often called 
a ·plate. Here they will be called ridge-plate,s. These are really 
flattened pockets .of enamel filled with dentine, and the teeth are 
called "thick-plated" or "thin-plated," according ,to the ,thick-
ness of the ridge-plates; although these terms are sometimes 
used with reference to . the enamel only. They are separated 
from one another by plates of a softer material, the cement, 
which serves to bind the ridge-plates together. On the sides of 
the tooth, especially where the cement has been dissolved off, 
as it often is in fossil teeth, the ridge-plates appear as rounded 
ridges rising from the base of the tooth to the summit. 
As in the mastodons, there exist in the course of the animal's 
life six teeth on each side of each jaw. The three anterior of 
these correspond to the milk teeth, or deciduous molars, of 
most other mammals; the hinder ones to the true molars. ' The 
three deciduous molars are not succeeded by premolars coming . 
up beneath them, except in the extinct primitive el~phant, Ele-
phas planiirons. Early in life the front, or first, tooth appears , 
and begins to wear. Soon afterwards the second one appears 
behind it and gradually pushes the first one forward; so that, 
by the' time it is worn down to the roots, it 'is pushed out 'of the 
jaw. The third one comes up behind the second and at length 
replaces it, and so on with the others; until ·the last 'one, late 
in life, has taken sole possession of its side or the 'jaw. 'NaturaI-
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ly, 'the first to~t}~ 'is ' small ' ana) is ' Iorrned' bf' a -small number':Qf"l 
rid'ge-piates.The succeeding te~th are 'iii their turn 'la'rger 'a-Ii'cl< 
ha~e 'a greater number of ridge-plates. In .the e~isting Afrtcari. ': 
elEiiHiant, the"RtsF tboth 'has three plates; ' the 'se,Goud; six; the .' r, 
third; seven'; the fourth, seven; 'the fifth, eight or nine; the' siXtn, '~ 
ten, ot 'eleven. 'IIi the matnmoth, Elephas primigeniu's;-.t'he teeth 
are 'far 'more 'cbmplicated, 'and' the ridge-plates are represented 
b th f '" ' I ' d 1 '· ' d· 2' .l!.:!. · d " '3 D-12 ,. 1 .8..2_ . 2 1 4 -16:,' y e ,ormua, m •• 4 , m •• 6- D , m' " D-1 2 ,m, , 9-15,m. ,14-16' 
in. 3~ n::~~. Thus, it 'is seen,' any tooth in the series may, 'in dif-
ferent individuals, va:ry in number of ridg~-plates; but ' the ex- : 
,tremes in the formula' are rare. In the Indian elephant' and the 
mammoth, the formul'a is usually given as 4, '8, 12, 12, '16, 24, for: 
both upper and lower teeth. . 
As far as possible, 'the teeth of 'our fossil species' are 'here 11- , 
lustrated; so that the student 'may determine the species and the 
place of the tooth in the series. Difficulties, however, are likely 
to arise when 'the observer has in his hands only a part of a 
tooth. A tooth may lack" a 'part for one or ali of three reasons: \ 
It may have been damaged after the death of the animal, or it 
may have 'lost its anterior end from being worn down too near 
the roots during life ahd breaking off and falling out of the 
mouth bit by bi,t, or the animal may have died before certahl 
parts of the tooth had fully developed. 
It is usually possible to distinguish an upper tooth from a 
lower one by the shape of the wo'rn face. ' In the upper teeth this 
fac~ is ' likely to' be convex from ' before backward; wbile in the 
lower ,teeth, it is likely to be ' concave. The upper teeth are 
likely to be larger, especially higher-crowned, than a lower 
tooth of the same number in the series. A lower tooth is likely 
to be pretty concave from front to rear on one lateral face, a!1d , 
convex on the other; the upper teeth less so. As to the side of ' 
the jaw to which any tooth belonged,:in the lower tooth the 
concave lateral face was directed outward; in the upper tooth · 
the ,concave or flattened side was directed inward. ' The front 
end' of a tooth may be known by its being wor-n down more than 
the hinder end. ,",FiIi,ally,' in the upper, teeth t)le abraded ends ' 
'of ·the ridge-plates run-directly across ' the tooth; those of ,t.he 
lower -j~w are 'likely to be directed obliquely across the tOl)tl~, , 
the outer ends l:>eing swung backward. 
OCCURRENCE OF· THE HAIRY ,MAMMOTH 
In the United States there existed during Pleistocene times at 
least three distinct species of mammoths; or elephants.. These 
,are known as Elephas primig'enius, E. eolumbi, aind E:·imperator. 
The former· appears to have been· confined mostly to · the g]a--
dated region, ranging' thence north to Alaska; but teeth belong.. 
big to it occura]so in North Carolina. ·E. columbi. occupi.ed 
especially· our southern and western states and Mexico ; but 
its' remains are found also in the glaciated area ,and apparently 
even in Alaska. E. imperatorwasa large speciesthathail been 
found only in the region of the Great Plains. It existed in the 
early Pleistocene and may have become extinct soon afterwards. 
The other two species are found in deposits overlying the Wis-
consin drift; and they probably existed until the close of the 
Pleistocene. All three species p.ave 'been found in the Pleisto-
cene deposits 'Of Iowa. 
", 
Elephas primigen.ius Blumenbach. 
. . 
The ·Hai~ " ¥~mmoth. 
T ··t·h '·· f . 1 ~ ' ~ 9-12 9-"" 14-J ~ ~ Th 'd ' -plates 00 ormu a, 4.6-9.9-12.9-15.,14-16.18-27' e rl g~ 
thin, varying from about 7 to l~ ik~ya , line '108 rm:D:. long. The 
, \-;\\ ~~\. ~ j ~ • . 
plates, of at least the upper teeth1l'p~raJlel with on~ another, and • 
little bent. The rear of the last ~i>:per molars lis'Qaliy str~ngly 
arched. Roots of the teeth rathe;r strongly . developed. ' The 
sheaths for the base of the tusks very long. . ) . 
This species is better known than any other fossil eI~phant . . 
During the Pleistocene it had a range greater thantha,t of al-
most any other mammal that has not beendistributed-: byman. 
Its remains occur from Ireland and. England across:'" t¥e con-
tinent of Europe and Asia to Bering Strait, ~nd; from /Maska to 
the Atlantic ocean and south over the giaciated region, and to 
North Carolina. It is the species whose cadaver.s ha~e in num-
erous instances been found in the frozen ' soils of Siberia, so 
perfectlY' preserved 'that they ,could be eaten, by 'dogs and even 
men. ., ',' , . . ': '" ' ~,,/ ,'. 
Out~ide of ,Siheti,a, it~ , r:em~in8 occur .for t~e ~os~ , p~tt only 
jJ? . a s~attered .• ~onp~~o~; , an~ , it · is ::,usu~.l~y O?1ly . ~" ~90th" 01." a 
few ,of . ~h.~;m, : , or , a ~tl1~~L that ~s ,J~)u;nq. f3pm~~~m~s : .~cattered 
,/ 
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limh::.bones are discovered. It is only rarely that anything like 
a considerable .-part of a: skeleton is found; and then this i$ 
treated with little respect. While.there are in the United States3 
as Lucas has said, . at least fifteen mounted skeletons of . the 
ma&todon, the writer knows of but . one mounted skeleton of 
Elephas primigenius. This is the one that was found in Grant 
county, Irtdiima, and is 'now in the Am.erican Museum of Natu~al 
History, in New York. Through the liberality of this museum 
the. writer is enabled to produce here a dra~ng of that splendid 
skeleton. 
Fig. 133. Elepha8 primi geniu8. SkeletQn found In Gra nt county , Indiana, and now In 
American Museum Natural History, ~ew York. Oblique view. . 
In this skeleton (Fig. 133) the skull had been damaged slight-
ly, but not so as to injure it for study. All the feet, wrist and 
• I ankle bones were gone and both ulnre and radii. These 'parts 
have been :restored in plaster as seemed to be jUstified from 
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other species. It seems probable that the radius and· uina 
have been made too long; with the result of lifting the animal 
somewhat too high at the shoulders. The shoulder joints, stand 
ub_out'200 . mm. higher 'than the hip joints. In the living ele-
phants these joints are about on the same level. As to the 
-tus~s, it has usually been supposed that they curved so as to 
direct the points outward; but, in mounting the animal, i,t w,as 
found th,at they would not enter the sockets in 'any way than to 
throw the extr emities inward; and this arrangement agrees with 
recent determinations , in Siberian' specimens. ' 
.~~ ~ -
The following measurements are 'taken from the explanatory 
label of this specimen. 
, Base o~ tusks to drop of taiL _____ .. ___________________ 13 ft., 3i in.; 5.43m; 
Length of right tusk, outside curve __________________ .: 11 ft., 4i in.; 3.47m., 
Height .at the shoulders ______________________________ 10 ft., 6 in.; 3.20m .. 
Length of thigh bone__________________________________ 4 ft., H in.; 1.24m. 
Width across the pelvis ________ ' ______________________ ' 4 ft., 10 in.; 1.47m. 
It may be noted that in taking the oblique photograph, the 
hinder parts' of the skeleton are made to appear relatively 
smaller, and the, tusks and foreparts relatively larger than 
they should appear. 
The following measurements were taken by the writer. These 
may serve the student in identifying other bones supposed to 
belong to the genus. 
Width of skull behind ______________________________________________ 750 mm. 
From postorbital processes to ear-opening ________________________ ,335 mm. 
'From ear-opening to line extended from occipital condyles________ 210 mm. 
From nasal opening to bottom of sheath for tusk________________ 715 mm. 
From bottom of nasal opening to summit of crOWll______________ 570 mm. 
From sn::nmit of crown to occipital foramen _____________________ 500 mm. 
From condyle of lower jaw to the beak, following curve of jaw __ ' 900 mm. Height of the lower jaw under middle of m.a ______________________ 170 mm. 
Thickness of the lower jaw under middle of m.a ____ ~--------------- 160 mm. Greatest width of the lower jaw __________________________________ 555 mm. 
Lateral extent of the atlas ________________________________________ 400 mm. 
Vertical diameter of the atlas ___________ :. _______________________ 210 mm. 
The bodies' of the anterior dorsal vertebrre are close to 68 rom. 
long. Gradually: they lengthen, until the hinder ones become 
abol,lt 75 mm. long. Twelve of the hinder dorsals, including the 
intervening plates that represent the intervertebral cartilages, 
measure 1030 mm., the average being 86 mm. each. The le~gth 
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'of the :longest rib; , the seventh; is 1470 mm.; length of first rib, 
.in ~ straight line, 625 'mm; ;, its dist.al. end, 155 mm. wide. 
Length of the front border of the -scapula ~ .:_~___________________ 910 mm. 
_ Width from the hinder .. angle ' to , the ,front f at~.right angles to the 
spin~ ____________________ ~ __________________ ~___________________ 600 mID. 
'Length of humerus from head to bottom 'of 'inner articulati-on ____ 1l85 'mID. 
Transverse width of upper . end of-humerus _______________ .:. ________ 300 mm. 
Trarrsvel'se-width of 'lower 'articulation __ ~ ______ .:._________________ 250 mID. 
,Width. of :pelvis,: total ___ ________ ~ _______ .:. __________________________ 1470 mm. 
Width 0'1:, pelvic opening ____________________________________________ 395 mID. 
Height 'of pelvic opening ___________________________________________ 445 mm. 
Leng.th of pubic symphysis ________________________________________ -482 mID. 
From top- of acetabulum to uppermost point of ilium___________ 660 mm. 
Femur, length from head to distal-en.d ___ · ____________ l240 nun. 
Greatest diameter of middle of the shan ______________________ .155 .rom. 
-Least diameter of middle of the shaft _____________________________92 nun. 
Femur, extent of lower articulation from side to side____________ 230 mm. Tibia, length ___ __________________________________ .:._________________ 735 mm. 
Tibia, side-to-side width of upper end __ ________ ___ __ _______________ 245 mm. 
Tibia, side-to-side diameter, middle-of shaft _____________________ 106 mID. 
Tibia.- fo're:and-aft diameter, middle of shaft __ ~___________________ 100 mm. 
Tibia, side-to-,side dia;meter of .lower _end ______________________ 205 mm. 
Tibia, fore-and-aft diameter of lower end _____________________ 3:55 mm. 
Fibula, lengtl:J, ~- ,:.7--.!.- ----------------------------------------------_ 710 mm. Fibula, width of upper end ________________________________________ 78 mm. 
Fibula, width of'lower end _____________ ______ ~ ____ ..:~ ________________ 123 mm. 
Fibula, greatest diameter of middle of sbaft ____________________ 48 mID. 
'Fig, 134. ElephiM primigeniu8. - 'S-Ide view of skull of Siberian specimen. From 
Falconer , 
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The teeth are placed in the jaws:. so that little except· their l 
worn faces , can be' seen~ The worn part of the crown of "the 
upper one, the last molal',. measures about 285 mm. in length; 
that of the lower last molar, ah~u: 255:--nu;n~ The teeth ,had 
been relativelY 'little worn, about-to:'the 15fu: I:idge~platei , leav­
ing the arched hinder boundary of the tooth intact .. : An il-
lustration (Fig. 134) redrawn from a figure in Falconer's atlas 
presents a lateral view of the skull of Elephas primigenius. ' , 
This is to be compared witQ tha:i of- the> sloill of the. mastodon 
(Fig. 105) and with that of the skulL of E col'l:wihi, (Plate LXI, 
fig. 1). The lower jaw of .E. primigenius is' represented on' 
Plate LVII, fig. 3. It is at present difficult to point out the 'dif-
Fig. 135, Elephas primigenius. Atlas found on IOQd Crow river, Alaska. x 'A.. 
ferences between the skulls of the two species of elephant , just 
mentioned. ' The materials for comparison are rare a those 
existing in museums have not yet been sufficiently studied. , 
Moreover, the skulls of the different individuals of the same 
species show 'much variability in form, according to age, sex, race 
and individuals.; and ,it would require detailed studies in order 
to determine tlie permanent characters. At present, ittippears 
that the sheath which encloses the bases of the tusks is much 
longer in E. p'rimigenius than it is in E. columbi. 
Figure 135' presents-a ' view-of the atlas of E. primigeni11:s as 
this bone is seen from the , front. It is to be compared with a 
similar view of. the atlas of the mastodon (Fig. 116). Fi,gures 
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136 and '137 represent .the axis of the species of the elephant 
here described; and these figures are likewise to tbe compared. 
with similar illustratfons of the axis of Mammut americanum 
(Figs,. 117, 118). The atlas and the axis are bones which are 
likely to be pr,eserved and which appear to offer characteristic 
features in the different species. 
It is proposed to' give descriptions of the various teeth of 
this species; and it ought to be said here that ,it is impossible to 
, ' 
make out from a single .tooth all the characters that distin-
guish a tooth which occupies that position . . Each one, whether 
milk ~ooth or molar, was constantly undergoing change partly 
Fig. 186 
Figs. 136, 137. Eleph.a8 primigeniu8. 
,Fig.lS7 
Axis found on Old Crow River, Yukon Terr. x lU. . 
136. Seen from front. 
137. Seen from the left side. 
because .some of its elements were completed ' much later than 
the others, partly because some of the eleplents were being 
destroyed by use. When the anterior plates began to suffer 
wear, soine of the hinder ones -had not yet completed their 
growth. Again, the .' roots did not develop completely until 
. the crown had been considerably worn. To know any tooth of 
any order, ,therefore, it is necessary to , study specimens taken 
aJt various stages of development and wear. ' 
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The first milk tooth is not known to the writer by any Ameri~ 
can specimen of the species. It would belong to an elephant that , 
bad died probably before it was two years old. Being a small 
tooth it would be less likely to be observed-and saved' than the 
larger teeth. An upper one was figured by A. Leith Adams 
(Palreontog. ,Soc., VoL XXXIIT, pL ix, fig. 3) which had been 
found in England. The length of the 'crown was 20 mm. and 
its width 15 mm. It had only four ridge-plates, and a small 
imperfect plate (talon) in front and another behind. The figures 
are here reproduced (PL LIT, figs. 5, 6), showing the teeth of 
, the ' natural size. ~he same writer, on the same plate, figured 
the corresponding lower tooth, which resembled closely the up-
per one. They likewise are here reproduced (PL LIT, figs: 7, 8). 
The second milk teeth are nearly as rare as the ,first ones. 
The writer, knows of no upper one from American sources. 
:rherefore, two , of A. Leith Adams' figures are reproduced 
(PL LIV, figs. 1,2). They show a tooth worn somewhat, which 
probably belonged to the right side (Adams, Palreont. Soc., 
London, VoL XXXV, pL x, figs. 3, 3a). The length of this 
tooth seems to have been 56 mm. ; its width, 38 mm. It appears 
to have had only six ridge-plates with front and rear ' talons. 
, Figure 1 of the plate cited shows the fangs of the root with 
tips broken off. There is a single anterior, a double median, 
and a single rear fang. 
The lower second milk molar is represented in the National 
Museum by a much worn tootth 'of the left side, which was brollght 
from Alaska (PL LIV, figs. 3, 4). The length of the crown 'is 73 
mm.; the width, 48 mm. There may be counted eight ridge- , 
plates and front and rear talons. The tooth is especially valu-
able because it shows the root. The anterior fang, supporting 
the inner ends of the three anterior plates seems to have been 
mostly absorbed. The hinder fang, long and curved backward, 
supports the greater part of, the crown. This _ tooth is larger 
than any of the same order of teeth described by Adams, which 
ranged from 39 mm. in length of crown and 21 mm. in width to 
63 mm. in length and 33 mm. in width. ' rrhere is, however, no 
uther disposition to be made of the tooth. 
26 ' 
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Ina'smuch as the t'ooth just described is greatly' worn it gives 
us no "conceptIon' of the form of the tooth on emerging from the l 
gum.: -To give such knowledge, another of Adams' figures is: 
reproduced (PI". 'LIV, fig. 5). This presents a side view of a . 
tooth' which was wholly unworn and whose roots wer!'l unde-
veloped. There are six'plates and front and rear talons. The J 
front ·of the tooth is toward the left hand. The length is given· 
as 50 fhm. i-the width, 17.5 mm. It is to be observed that the 
ridge~plates stand at right ang~es with the base. 
The last milk teet~, a:bove and pelow,sho.w usually a . great 
increase in size over their predecessors. The average length of 
the upper one is about 120 mm~ ; the average width about 50 mm. 
Adams states that the length of this tooth may be as little as 
three and one-half inches . (90 mm.) · and as 'much as five and one-
balf inches (140 mm.). Thus the size varies widely. He re-
marks that these teeth are abundant in collections, but he does 
not figure an upper one. No complete upper ,tooth of this order 
is present in the National Museum. Figure 1 of Plate LV 
shows, in front of the first true molar present, the hinder end 
of the last milk molar. The greater part of 'it had been worn 
down to the roots and then pushed out of the jaw. Remains of 
only five plate~ remain. The width of the tooth is nearly 60 mm. 
As an upper tooth of this order the writer identifies No. 4836 
of the National Museum (PI. LIV, fig. 6). This tooth was sent 
many years ago from Waverly, Ohio. It had only begun to 
wear, only four or five anterior plates having been attacked. 
It appears to' have belonged to the right side. There are present 
the anterior talon and eleven ridge-plates. There are missing 
probably one plate and the posterior talon. Two of .the hinder 
plates present had not completely developed their bases. The 
distance from the base of the first plate to the rear of the hinder 
one at, the ,middle ,of its height is 100 mm. .What, is missing 
may have added 20 mm. The height of the fifth plate is 110 
mm.; that of the -eighth, 116 mm. It will be observed that the 
plates make an angle of about fifty degrees with the base. There , 
are eight plates in a line 75 mm. long, making ten in a 100 mm. 
line. Where the anterior plates are worn the enamel is very 
" 
TEEl'.H .OF EIJEPHAS PRIMIGENIUS 403 
.-tbi:IY. , The summi,ts::of. the' unwo;rn plates are furnished. each , 
with from eight to ten digitations'o ' 
The lower · last milk molar , has about, the saine size 'as the 
· corresponding one of the upper , jaw. ' Four, whose measure-
ments are · given. by Adams; have an average len.gth of 109' mm., 
although Adams states that the width of the lower tooth 'is seem-
ingly the saine as the upper which varies in width from 39 mm. 
· to 62 mm. To illustrate ',the form of this tooth when partially 
,j worn, two of Adams' figures of an English specimen are repro-
.' duced one-half the size of nature. One of these' (PI. LTV, fig. T) 
-gnr-es a view of the inner face. of a ri.ght tooth, while the other, 
Jigure 8, of the same plate, illustrates the grinding surface. The 
-length of this tooth was 117 mm.; the width, 53 mm.; the height 
of the ninth plate, 95 mm. There are ten ridge-plates in a line 
100 mm. long. The enamel is described as' being "very thin 
· and without the faintest indication of crimping." This descrip-
tion will serve to show that that writer's idea was . that the 
foldings of the enamel must be much deeper than in,this speci-
men to constitute what he called crimping. 
As will be observed, there is an anterior fang ih front, sup-
porting three plates, 'and behind this the base of another great 
root: By the time the tooth had become worn down half-way, 
this hinder root would doubtless 'have had the form shown in 
the case of the secon~ ·inilk molar figured on plate LIV, figure 3. 
In the National Museum, No. 6558, from A1aska, is a lower 
'last mil~ molar which has lost perhf1ps only one plate and the 
rear talon. These are, in the figure (PI. LIV, :fig. 9), restored 
, in outline. The tooth had only rece;ntly been ,cut when the ani-
mal died; for only five or six plates had su:ffered 'we~r, and these 
: ~nly a little. _ In ,f~c~, the ,~e~r . ha9- not 're~~h~d through the 
, ~gitations. _ , T~ere are present. ~he I;lnteribr talon, apparently 
two of ' them, and- twelve ridge-plates. From the base of the 
,front plate to th~ ~ear of :the)weift~ i~  '85, mm.; the grea~es't 
width, '53 mm.; the height of the seventh plate, 91 mm. There 
are six plates in a line 50 mm: long. 'In fr~nt may be observed 
. the base of the antei-ior fang' and,' behind it that of the .great 
. ,. .- )' ..' , ' 
' hinder fang. The whole tooth is c,Oyered \ WIth cement, whiCh, 
t ~ • • • , ' 
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cracking along the edges of the ridge-plates, renders these vis-
ible. . 
. .The fit$t true molars, upper and lower, ~re next to be con-
. sidered. Adams tells us that a small first true molar may be 
easily mistaken for a last milk molar and vice versa; indeed, 
he says, the chances 'of such deceptions are the lot of the most 
experienced manipulators of proboscidean teeth. The only cer-
tainty is to ' be had in finding the molar' in the jaw, with a 
predecessor, or in haying a milk molar smalle1; than any known 
.first true molar, or a · true molar larger than any known milk 
molar. 
Plate LV, figure 1, represents a part of the right maxilla of a 
mammoth, No. 6656, of the National Museum. It was found in 
Alaska. There is presented a view of the grinding face. 0'£ the , 
first true molar. In front of this ·tooth is the rear of the last 
milk tooth; while behind it is a hollow cavity in which was 
hidden ~he germ of the second molar. The first molar of this 
specimen has a length of 132 mm. and a width of 60 mm. It 
will be noted that this tooth falls below the maximum size of 
the last milk tooth; but the presence of this last tooth in the 
maxilla makes it certain that the identification is correct. This 
tooth is so thoroughly covered over With cement that it is 
difficult to count the number of ridge-plates; but there appear 
to be twelve, with front and rear talons. Nine of the anterior, 
plates have suffered attrition . . On about ' six of these the wear 
had not extended down to the bottoms of the digitations; and 
so ,there are seen, in the · place of each :plate, three or four 
ellipses of enamel. 
The tooth above described is so firmly imbedded in the maxilla 
that a side view of the base of the crown and of the roots can-
not be obtained; furthermore the writer has at hand no other 
tooth of this same order from which to make an · illustration; 
and A. Leith Adams does not give a view of this tooth from · . 
the side. In appearance it would not differ greatly from the 
upper second molar (PI. LV, fig. 3) . . 
The lower first molar is represented by a tooth in the collec-
tion of the University of Iowa, No. 324 (PI. ' LV, fig. 2). This 
was .found by Wm. H. Walker, near Marengo, Iowa, in alluVial 
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gravel, along Bear creek. , It belonged to the right side of the 
jaw. There'are twelve plates and, the usual talons. Five plates 
occupy a line 50 mm. long. The len~h fro:ql. the base of the 
first p~ate to the rear of the convexity is 125 mm.; measured 
, along the , base, 133 mm. The, wrdth is 56 mm. In size it falls 
a little below the maximum of the last milk molar, as given by 
Adams '(length five and one-half ~nches, width two and one-half 
~nches). ' The tooth, therefore, is possibly the third milk tooth; 
but it is ,probably the first lower molar. 
The tooth here described has the grinding face 'worn back 
nearly. to the last plate; but the front has not been worn down 
quite so much as might be expected. There are tw.o partiaUy 
developed fangs , in the root, one in front, supporting three 
plates, and ,the' base of the hinder fang. The average length 
and width of this tooth is about the same as in the corresponding 
upper one, perhaps somewhat less. Calvin reported and figured 
a ,good lower jaw,which was found in alluvium along Iowa,river, ' 
near Marengo (pages 74, 436). \ The teeth present are regarded 
as the first true molars. They are not worn to the base in 
front,but are worn to the last plate behind. There are- thir-
teen plates with front and rear talons. The length is 156 mm., ' 
the width 67 mm. The enamel is considerably crinkled in its 
course across the teeth. 
The second 1tpper mola,r could hardly be represented by a bet-
ter tooth than the one which furnishes figure 1 of plate LVI. 
This tooth is No. 6556 of the National Museum, and it, too, came 
from Alaska. It is to a large extent covered,with cement, which 
became fissured in drying.' . There ~ppear to be sixteen Tidge-
plates, besides front and rear talons. Posteriorly the crown has 
a backward projection, between which and · the root is a con-
cavity in which lay the front end of the last molar. From the 
base 'of the first Hdge-plate to the rear of the occiput-like pro-
t,uberance is 188 mm. ; from the same point in front to the rear 
of the base of the crown 'is 146 mm.; the width is 80 mm. An 
• 
unusual feature of this tooth is its great -height, the height of 
the thirteenth plate being 175 mm. The roots of the tooth are 
mostly hidden in a part of the jaw bone which remains. The 
. figure shows this :bone on the ' outer face ,of the tooth. It is 
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'c:rqwded with large air~cavities. In front'. there' is , :a single 
xather small .root; .behind .this some. fangs ' in' pair.~; "and: at th~ 
-rear a 'single. fang ' (as .yet hollow, like a' shell), which supports 
alL the ridge~plates behind .the twelfth .. Figure ,4 of,plate LY 
presents. a. view. of the grinding surface . of this tooth. The 
'enameL is. moderately ' :thin ... There.. are · ten ridge-plates in: a , 
lfue 100 mID. long. . .., " ... 
, The average dimensions ' of a number of' upper second molars 
mea~ured by Ada:ms' a.re about 171 ·mm. for ' the length and 70 
~. fpr the, wigth • . The·longest tOQtP. had a length of 202 mID.; 
.the widest; a widJh .Qf,77. mm. ' The toptll altQ.ve 'des,cribed and 
figured is slightly . wider , th~n the .. widest one ,mentioned by 
·AQ.a:pls. , 
. Another tooth which' belongs here is No'. 21 of the collection 
at the University of Iowa . . This was found in a gravel pit at 
Denison, Crawford. county, Iowa, and was figured by Calvin 
(Bull. Geol. Soc. Amer., Vol. XX, pI. xxiii, fig. 2). . His figure 
is reproduced. here (PI. LVI, fig. ,2). This tooth does not show 
the exce~si:ve height seen in the Alaska' tooth just described. 
The Denison tooth has lost probably two plates from the rear, 
there being present the anterior talon and fourteen ridge-plates. 
In a 100 mID. line aGross the plates eleven are counted. The. 
length from the base of the first plate to: the 'rear of i.he eleventh 
.is 160 .mm. The height .of the ninth plate is almost exactly the' 
,same. .T·he unw<?rn par~ of the ,grinding surface is quite ~exactly 
parallel with the base of the crown, and the plates are parallel 
with one another. Adams (Palreont..Soc.; Vol. XXXIIT, ·pi-ix, · 
fig. 1) pas figured a ~ooth ' 'Which greatly resembl~s the one Just 
described . .. 'It . was, however" somewhat older, is ,slightly. more 
'worn, . and 'ha's the ,bases or'the ,roots developed .. ' 4, " ", 
•• -_.. ...,AI • j I ' " ~ .. 
, )figure 2 .Qf,.pl3,;t~. L~I illustra~es a more 'wo~n topth ef this 
.0_rdeI:, f.ro.IP Alaska, NO" ,65g6, of th~ ,Nationa~ . Muse.uII).. It be-
·J0nged on; t4e: r.igl}.t. ~ide .. _. · r;r4~re . ~re :fif~een:' ri,d,ge~plat~s ,,~nd 
the l],§uaJ talon~ ... The length along the .bas~ '9f the cro~ is 
10Z·.m~j Jr:~)lrr the p~~~ in fr:ont :t9: t1;le r<;lar, .of t~~ yrpj:e.Qtion 
pehinf1; 14,0· ,mm .. . T4e; ;widt:p. is- 70 _IIlIlX. · T~e en~mel. ~~ t4~n. 
rrhe f.ap,g-s, .Q~ th~, :r;opt , 'fere d,evj)19J>~d, . b~:t sOIP:~ .. ·have .1>een. 
, b~oken. off. J ~: a tt,~W.ptwha..s~ p~e:p. Ip,ad~ to, 'r~st9.r~ S,orge :..o:£~ ~lte~ 
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in outline} . There- is '~a ' pair in . front; ' two other .pairs '. in' the: I" 
middle of' the: length ;;, and Ii large hinder ' fang'.. Figure ' 3~ of" 
plate LV represents the second upper molar ·of'=the1eft side' of ; 
almost certainly the same individu~rand shows the,rqots ~n bet-
ter condition. Thf} fangs are in , pairs except the hin¢lermost. ' 
large one. , .' l 
To ·illustrate t:q.e, lower second molar' ther-e is p.ere prese~ted , : 
(PL LVIII, fig. > 3) a figure of one of the right .:~;ide :~hic.h ' wa..s 
found a yea;r or two · ago in Greene county,Pennsylvania . . T~e 
corresponding tooth of the' left side was' contained in. the· jaw. 
'The ·tooth figured measured 160 mm. iIi length,,65 mni. in width 
and ·-100 mm. in height at the ninth and fifteenth · ridge-plates: 
There are sixteen plates in the tooth, with front 'and rear talons. 
The cement is preserved on the part of the tooth, which was 
outside of the bone of .the jaw. There are eleven plates in a 
line 100 mm. long. As is seen, ,there is one fang in front, sup-
porting three plates; while behind this the dentine had begun 
t9 spread ' over the. pulp to form the hinder fang. ,Only nine 
of the plaA;es had been attacked by attrition. Had the animal 
died before the tooth was cut, the. anterior · end of the tooth 
would have shown, where is now seen the worn surface, a sort 
of rounded boss. On the worn edges of the ridge-plates the 
enamel is very thin. 
As shown by other specimens, the hinder fang of this tooth, 
when the crown became well worn down, was nearly as wide 
as the crown and was directed downward and backward, some-
what like that of the second milk tooth shown on plate LIV, 
figUre 3. 
, - Figure 3 of plate LVII present'R a view of a nearly complete 
lower jaw in the 'National Museum, No. 6666, from Alaska. In 
it are both second lower molars, well worn down; and behind , 
them, concealed in the jaw, are both third molars. The ' ridge- . 
plates of these had not united firmly and are now lying loose in 
the' cavity of .the jaw. ': Every plate of the second ' molars. had 
corrie into use~ . The figure is one-fifth of the natural size. 
The third molars, the last acquired by the ' animal, are the : 
ones most' frequently fOuild. They are, of course, the largest ' 
teeth in each series and they contain the greatest number 'of : 
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ridge-plates" typically' twenty~four; It: is 'stated that the num-
ber may vary from eighteen to twenty-seven, but th~ extremes 
aTe of rare occurrence. ' 
The third upper molar is' represented by figure "1 otplate 
LVIII. This figure is prepared from ~t tooth (No. "656:4, 
National Museum) yet in a fragment of the jaw; which was,. . 
with the one of the opposite side, found in Alaska. . Itoelonged 
to the right side and the figure presents' a view of the outer' face. 
The tooth still preserves a laTge part ~f its cement. The length 
along thE;l ' base of the ridge-plates is 228 mm.; the width is '82 
mm. The height of the seventeenth ridge-plate is 130 mm. 
These pla:tes were . not as high as those of the second upper 
I molar from Alaska, described above. There are eleven plate'S 
in' a line 100 mm. long. The fangs of ,the root are' partly shown. 
In front there is a pair, of which one is presented in the figuTe 
as 'broken off near the base. Behind this are three or four pairs. 
of small snags, and at the rear the gteat single fang. This is 
now hollow; but, in still older specimens, it is filled up solidly .. 
It will be observed that this tooth has no occiput-like protuber-
ances at its Tear. This is because there was no other tooth 
behind it to press it more or less out of its natural shape. 
Figure 2 of the same plate presents a side view of one of 
the last upper molars of the hairy mammoth which was found 
in Grant county, Indiana, and which is now mounted in 'the 
American Museum of Natural History, New York. 'fhe photo-
graph was furnished the writer by Prof. A. D. Hole, of Earlham 
College, who saw the tooth shortly after the animal was ~~­
humed. The watch shown in the figure has a diameter . of 51 
mm. From this it is estimated'that the tooth has a length along 
the bases of the ridge-plates, of over 285 mm. The width is 
93 niin. Although the tooth is not greatly worn, ihe fangs, or, 
at lea!;!t, all but the hindermost one, were weJI developed. The 
hindermost one was probably still a hollow ' shell. If this is 
compared ' with similar teeth from Alaskan specimens of 
Elephas primigenius, they will be ·seen to agree in form; while 
, the rear of this tooth differs from that of teeth of E. oolumbi . 
. ., . 
Figure '2 shows also the grinding surface of , the other 'upper 
molar. ' 
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-Neither ~f. the teeth above ngured .give Ul;! an exact idea of 
t,he form of -the last molar befor,e :it .began to be worn through 
mastication of the ·food. This lack is .supplied by a fine ::;peci-
men in the Milwaukee Public Museum, photographs of which 
have been furnished the writer by the director, Henry L. Ward. 
The specimen was found in Milwaukee. It consists of the sec-
ond and the ,third upper molars of both sides, and a 'part of the 
right and left maxillre. A view of the teeth of the right side 
: is here ·preseJ?ted (PI. LIX). The second .molars are worn 
down in front to the roots" not so deeply behind. ,The figure 
shows that the hinder fang was a large one. This toothmeas-
lIres 175 mID. along the grinding surface. The hinder molars 
had just pushed the tips ' of the anterior plates through :the 
gum. No roots were yet developed on this tooth and the bases 
of the hindermost plates were not completed. The grinding 
border of the tooth is parallel with the line of the bases of the 
ridge~plates (at least, when these are completed) and the plates 
are nearly parallel with one another. The form of the tooth is 
a trapezoid. There are present twenty plates, but one or more, 
probably about four, are missing from the hinder end. The 
length from the base of the first plate to the middle of the hind-
ermost one present is 260 mm. The whole tooth is covered with 
cement, which on drying, has shrunken and cracked., It will be 
. noted that the lower border of the hinder molar makes an angle 
of about 120' with the grindmg surface of the tooth in front 'of 
it. This hinder tooth stood thus in a nearly perpendicular posi-
tion in the jaw, 'and only one 'co'rner of it at first came into use. 
Before, in old age, the hinder ' plates were ground down, the 
·tooth would have turned through an angle of about 60'. By 
that time the large hinder root would have developed so that 
the hinder plates might be held together under the strain .of 
·mastication. \' 
In concluding the description of ' Elephq,s pnmtgenius the 
writer calls attention to Plate LX, which presents a restoration 
of this species as . represented by specimens found ' in the flesh, 
frozen in the ice iI;t Siberia. ' This restoration is' one that was 
published by the Russian paleontologist, E. Pfizenmayer, ' in 
volume XLII of the Verhandlungen der kaiserlichen mineralo-
\ 
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" gischen (!esellsc'Q,aft, PI St. r.et~rsl,>y.rg. ; ~h~ ngUI:e f9J'rp.S 'plate 
!,VII of {that, paper.,,:,It. is, th,:t:Qugh tp~/c,Ol)rte~y of pr,."Pftzen-
· ;mayer,- that . thi~ plate i$ pj:ese:Qte:d. r):te :figur~' is int.en~~p. to 
:. show the. forI!l of, this,: interesti:p,g a;nil:Q.al, its cQvering, of (pair, 
· and i~s hlealr . enyironmen~t. _ (, . ' .... ',', j _ ,:~. 
-" .,. Elephb:s ':~olumbi Falcone~. i: '~ .. ~:.: ' f • 
, : rJ<I.<..J, ll .. . 4 ~,; ." '..... _' •• ~ ..... ~ ... J, .••• .I 
Tp9th formula apJ>aJl~ntly not .differi~gf.r.9!ll tJ:1!lt ot~,. primi-
J.genius~: th~ PJ!m,b~r'J 9f riqge-plate§ in . the .:hiI\der:qlOst ' ,1p.olars 
, varying fr<;>m ~ 'p'rob.~b~ l~ t<t- 28; , The ridge-plates usually 
· thicker than -those ·qf "'~..' lprimige-nius,. the enamel plates likew~se 
: thicker. a~d liable t<)· ;·b.'1 more channeled anq crimped. , ~i~ge­
, plates r;nore .likely to b,t} [q.}.sh~shaped: and .bent than, in the. q,ther 
; ~peci~~ , ment~oI.led. ~ J, rr:~e l~heaths . fo:r the bases of , the . tusks 
, short~r t\h~n 'in. E!. "p'r-i11fig €p'1J;i1~S. ' . 
This species, which has often been confounded with the hairy 
· mammoth, is entirely distinct from it, as is revealed by many 
; dental ana skeletal characters. In{;tead of being a rare species, 
its remains are, even in the glaciated states, fully .as abundant 
, as those of Elephas primigenius;. while in most of the southern 
, iltates it is the only species found. On the Great Plains it is 
: more often found than El&phas imperator. Teeth found in the 
" Pacific coast seem to belong to it; while several iteeth in .the N a-
, tionalMuseum seem to indicate its presence in Alaska at some 
time during the Pleis'tocene. It is found also in Mexico. 
Notwithstanding the wide distribution of the. species and ,the 
, numerous remains, that ,have come to light, nothing 'like a com-
~ plete skeleton has yet 'been found; ,and such remains of the limbs 
· as have come to light have not .yet been sufficiently studied to 
enable us to distinguish them in'all cases from those Of.the hairy 
,mammoth. It is particularly, important that all skeletal parts 
of this and other species of elephants that shall be found as so-
r ciat,ed with t.eet:Q. shall be preserved. In"this way we may at 
leng,th :determine . the, difference,s existing betwee;n the three 
• ,.. f .. . ..,
" sIl.!'l~irs f?un~ ~lD IQwa. . " . " 
i ,' ' ~h:roug~ ~4e g~n~ro.s}ty ,o!)he 4m~ri<?an M~se~m of ~atural 
;Hi;st,orYi ~he writ~r has, th~ pr~vilege: of preseJilting here a repro- , 
" d:u~tJo~ ,of , a , p1?-9.t~gra'ph ~.a,kep. 1):om a , mo~nted_ sk~l ~ ~ , that 
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museum (Pl.'·LXI, fig. 1) .. , This skull was obiained many ye,ars ; 
ago, ' so.' it'is·: thought, in Whitman :county, ' in_the"southweste,rn' 
part of the ' state of Washingfon; but its origin is somewhat Ull-. 
certain. ' , '" t·, ': : , , 
.As will be 'observed; the snU : has sU:ffered some injury. ' 
Above, the outer pIa of;Uie 'bones' 'of the brain-case lias' .been' 
weathered off; but this has the' advantage' of exposing some of' 
the numerous large 'air cells which occupy the space 'between the 
outer and the in,ner plates of bone . . ,The ~ygomatic arch has been ' 
mO,stly restored in plaster, as 'well "as the articular process of , 
~ the lower jaw and the top of the cor.onoid pr"OCess. Only a part 
of each tusk is preserved, about 400 mm. 
, , ' 
. The following measurements ' of it have been ta,ken by the 
, writer: " 
. From the vertex to the lower floor of the external nares________ 490+ mIn. ' 
From the nasal opening to the end of the sheath for the tusk, ' -
the distal ends of the latter being somewhat damaged __ ~_____ 490 mm. Width Qf the occipital region _______ -'______________________________ 840 mm, . 
Width at 'the postorbital processes -___________________ '-___________ 776 mm, 
. Height from the occipital condyles to the' vertex ________ ~--------- 690 mm: . 
Anteroposterior . di~eter of the bas,e , of the tusks .. _____________ ~_ 155 mm, , 
Side-to,side diameter of the base of the tusks __ . _______ ,,___________ 150 mm. ' 
The lower, jaw has a long pointed chin, extending· beyond a 
.perpendicular from the front of, the tooth about 175 mm.; also, 
'this chin falls ,much below the distal end of the sheath for the , 
tusk. The lower jaw is .160 i:um. thick below the front , of ,the 
coronoid process. Its depth at this point is 150 mm.; and at ,the 
front tooth, 195 mm. This lower jaw probably helonged to an~ 
other individual, since the upper and the lower teeth' are in dif-
ferent stage,s of.wear~ In th~ , upper jaw the s~~o:r:td true ,moll:j.r 
is v:r;-esent. It shows only) t90ut. twelve r~dge~pll:des, but thr,ee or , 
four ante~ior , 'one~ p.a,d pr~bably ,b!'len ,Worn aow;n and had fallen 
out, for there must have been .about sixteen. ' The ''1ast true ' 
molar is pr~~ent, ' but ' o~y' th~ " fr9~t of it, ha:d , ~o~e i~tQ. us~' ·r 
The. t09th iA ·t~e.l9,wer j~w'is ,the t~ir~' molar in, a IIl-ore advanced : 
stag~ of .:W~~rl be.i~g wo~~ J)J~ .. c~ to ',the twelft~ ridge-pl,ate. qr ~ 
farth~r. " , " ", . '.. ," - , ' _ 
• • ~l ..!'. r .~... II' • .... - r • 11 ", ~ .. 
.A . c9Wp~rison ,of t4i~,t~kull: ~th,. th~~'e ~f the 4airY' I!1jl~m;ot4 ~ 
disclQses '~ome ,d~f,Ier~nces.,.,."-,( +) . ., I~, the -latt~r th&e is , a )~r-g~ r 
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, angle b:etween the plane of the forehead and that of the sheaths 
o'f the tusks. (2). In most specimens Of Elephasprimigenius the 
forehead is quite concave, in E. columbi it is nearly flat. (3)~ 
In E. primigenius the sheaths of ~he tusks are much longer than 
they are in lE. coh~mbt, being usually as long as the,distance from 
their bases to the vertex" and extending downward below the 
chin. 
When we come ' to compare the teeth there are certain differ-
ences which appear to be quite constant. The teeth of E. 
columbi are larger and coarser-plated than the corresponding 
teeth of E- primig'eni't£s. In E. 'columbi usually the hinder 
ridge-plates lean forward toward the anterior ones, while in E. 
primigenius the plates are all 'or nearly all parallel. However, 
in the lower teeth of E. primigenius, the hinder ones m,ay lean 
forward, and in rare cases the plates in the teeth of E. columbi 
may be parallel with one another. In E. columbi the base of the 
crown of the .teeth is nearly always convex, while in E. primi-
genius it is nearly straight. This is more nearly true of the 
upper teeth in E. primigenius, than of the lower ones, where it 
may be curved. The hinder border of the upper molars of 
E. primigenius is strongly arched in the half worn teeth; in 
E. colwmbi the outline of this rises in a straighter slope from ' 
the ' front to the rear. In E. primigenius the various ridge- , 
plates are nearly flat; while in E. colwmbi ,they are often con-
cave on one face and convex on the other, often both in the 
length of the plate and across it. Finally, the enamel of the 
ridge-plates is much thinner in the teeth of E. primig'enius than 
in those of E. columbi. ' 
The various teeth of this elephant will, as far as possible, be 
here described and figured. On account of' the great' size of 
the true molars and the convenience of representing all of the 
teeth on the same scale, it is found necessary to make the fig-
ures only one-third of the natural size. An exception to this 
rule is made.in favor of the figur.es of the first milkmola:r which, 
on account of its small size, is represented of'the natural size. 
Most of the teeth of' E. pri,migenius' are represented one-half of 
the size of nature. It is not possible, at pr~sent, to obtain speci- ' 
mens of each, order of tooth of E. columbi in all desirable stages. 
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Of the first milk teeth, upper and lower, the . writer has seen no 
specimens. Leidy (Trans . . Wagner Institute Sci., Vol. II, p . 
. 17; pI. iii, figs. 6, 7) describes one from Ocala, Florida. ,His 
figures are here reproduced (PI. LXI, figs. 2, 3). This tooth is 
said by Leidy to measure 18.5 'mm. fore and aft, and 17 mm. 
transversely. It is little worn and it, is not determined whether 
it belonged to the upper series or to the lower. It had al-
ready developed , its r<;>ots . 
. The only example of'the upper second mille tooth at present . 
accessible to the writer is No. 1614 of the National Museum. It 
,.'was obtained from the phosphate beds of South Carolina, and 
it 'is black in color; The tooth belonged to ,the left side. It had 
,been worn in front on only three ridge-plates. The hinder plates 
had not completed their growth, and there are no roots. There 
are eight plates and the front talon. The 'hinder talon appears 
to have been split off. The length, from the base in front to 
the middle of the hinder plate, is 101 mm. The greatest thick-
ness is in front and amounts to 57 mm. The height of the 
fourth plate is 94 mID. On the tooth there is a more or less com-
plete covering of cement. Through this, on the grinding edge, 
appear five or six digitations on each of the three hinder ridge-
plates. On the anterior plates thes~ digitations had hardly 
bee~ worn to their b:;tses. The tooth is represented by :6.gure 
.4 of. pla~e L:X;I . 
. In the publication cited above and on the same page, from the 
same locality, Leidy describ,ed and figured an upper second 
. milk molar. His figures are here reproduced of one,-third the 
natural dimensions '(PI. LXI, figs. 5, 6). The length from front 
to rear is 110 mID.; the greatest thickness, 46 mni. It appears 
to have eight ridge-plates with front and · tear talons. The 
roots are pr~ty well deyeloped. 
, The lower second milk tooth is repres~nted by figures 7 and 8 
of plate LXI. The number of the tooth in the National Museum 
is 6662. This t09th· was r,eceived, with many other:s of this 
species, from Afton, Oklahoma. It is a considerably worn tooth 
and larger than the upper one, just described. Apparently the 
~nterior talon and the first ridge-plate are broken ' off. There 
are present six plates and a talon 'which is practically an-
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other plate. "The length of t1!-~ to'oth, from base in r"ront to ' 
the re'ar of the hinder talon, is 135 mm. Th'e width,~ not includ- ' 
ing ' the cenient, 'is 6'9 mm. There are 'five ,and one~half or" six ' 
plates 'in a line 100 mm.long, and the enamel is thick. 'The reots ' 
of the tooth' appear to have completed :their growth; but, un- -
fortunately, they are mostly broken off. There is left the base ' 
of one in front and that o{'one large hinder one. In all prob-
ability thii;! was as broad behind as the tooth and' had its. ex- ' 
tremity directed considerably bl:\.ckward. There is no ' lower 
tooth of this' order which presents the form of the crown be-
fore it began to be worn down. ' , 
As the third upper milk m~rar of E. columbi the writer identi-
,ties a ~ooth which is in the collection of the Philadelphia ' Acad-
emy (PI. LXII, fig. 1). It was obtained at Big Bone Lick~ ' Ken­
tucky. It is a wholly unworn tooth and, of course, 'shows the 
o:dginal form of the crown; there are no roots. The bases of the 
hinder plates were not yet complete, but probably nearly so. 
The height of the plates diminishes rapidly from front to rear. 
The length of the tooth, from the base of the anterior plate to 
the hinder one, is 145 mm.; the thickness, 75 mm.; the height 
of , the first plate, 143 mm. There are present twelve ridge- ; 
plates, besides front and ' rear talons. A line 100 mm. long 
passes across eight of these plates, a number greater than one 
might expect in this species; but the tooth is certa.inly not tllat 
of E. primigenius. ' 
No upper-third milk , molar with good roots is accessible. 
NU!llber 6663 of the National Museum, from. Afton, Okla- : 
homa, ' probably belongs here, but it may be the" first 
true. molar. It is worn down to the' roots in ,front 
and '" evidently some ' part had ' broken away and b~en 
ejected from the animal's mouth. " There are prese.nt 
eight :plates and-traces' of another' in front. ' There ' were orig-' 
in'ally probably ' twelve ~plates. The length of the specimen, ' 
along "the grinding 'face, is 143 mm. ; the width 'Is 75 mm. The ' 
sp~cirheIi . gives some indications regarding the roots. ' These : 
appear to have 'beei1 completely developed; but they were badly" ; 
treated in 't-aking the 'tooth from the ground~ Iii the rear is the ; 
bas'9 of the:g:r-eat fang which supported at least-half of the crown. ; 
, , 
. \ 
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It ,is now .60 ' mID. high 'and e-videnUy:. a ,co¥siderable partof its 
· extremity .is mj,ssing. This extremity, 'or tip, .was yet. -hollow. 
, In front of this fang are seen "four .others. .on the opp<?site side 
of the tooth are .corresponding but smaller fangs. None of these 
are free, hut are united by one border to a median plate of den~ 
tine. . ProbablJ-, ·however, the ,extre:qrities of three fangs were 
! free, . • 
Figure 2 -of plate LXII represents· a side view of a too~.h 
· brought l,>y Mr. A. G. Maddren, of the U. S. Geological Survey, 
· from Old Crow river, in Yukon Territory, within about two 
~ _degrees· ·of t~e Arctic ocean. It is No. 6669 'of the National 
· Museum. It is believed to belong to this species, and it quite 
certainly did not belong to" Blephas pr-imigenius. ·It is inter-
preted as the left lower third milk molar. The hinder ridge-
plates are damaged and had not yet been fully developed at 
, their bases. The tooth had only recently come through the gum, 
· for it is worn on.ly slightly on four. ridge-plates. No roots had 
' ; been fO'rmed. On the front' ep.d is an oblique flat surface which 
· had been produced by pressure and wear against its predeces-
sor . . It will be observed , that th~ hinder plates lean st.rortgly 
, forward. There a,re counted ' thirteen plates. From the angle 
, of inclination of the hinder fragment, it 'i~ believed ,that none 
, are . missing. The greater length is 180 min.; the width, 67 
· mm.; the height, 135 mID'. There are seven ridge-plates in a 
100 mID. line. , Th~ number approaches, therefore, that Jound in 
some specimens of E. primigenius. The enamel is much thicker 
than in specimens of the last-named species. . . 
Fi,gure 3 of plate LXII represents a greatly worn tOQth of the 
: right side, No. 6052 of the National Museum, which, with its 
, fellow in a part · of the lower jaw, was found near Glendive, 
Montana. The figure represents the tooth as seen from the right 
" side. Lt is probably the third milk molar, but it is impossible to 
; say just ,how m')lch had bee:q worn from the .front when the ani-
; ":mal , died, and' it may be the fir~t true molar .. ' Eight pl~tes and 
· ~r~G~s of ,another i;o front .are present. T'he length .along the 
~ grindingsurfac~ _i~ 155 ;m.m,; the wiq,tlj. i~ 75 mID. Were there 
I three more plates, the length would be near 200 mm. , The speci-
· : men: is of :plO,st value as, s'\1owip.g the roots. In 'the rear is, a great ' 
- -' ~ . ~ 
• 
• 
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fang which, behind, begins with being nearly, as broad as the 
crown. Towards ,its 'tip, which is broken off, it was directed 
, strongly backward. In front of it are fangs which by one border 
cling to a median plate of dentine and are free only near their 
tips. At the very front of the tooth, as preserved, was, a pair 
of long slep.der fangs free from their b.as~s to their tips. The 
one on the side shown in the figure has been broken off, 'but the 
socket is shown. , The one on the 0ppQsite is in 'a notch in the 
'front , border of the jaw and had apparently had its anterior 
edge split off when a part of the crown had broken off. Tb.e 
double fang in front appears to be' unusual 'and its' presence may 
be due to absorption, preparatory to ejection,' of the anterior 
, part of the tooth from the mouth. Near the front border of the 
jaw is seen the mental foramen. A similar foramen occurs 
nearly opposite it on the inner side of the jaw. 
. The writer has access to no tooth which can be certainly 
identified as the first molar of the upper. jaw. Formerly (Geol. 
Surv., Indiana, Vol. XXXVI, p. 737) the author identified as ', 
belonging here a tooth which was found many years ago by 
E. D. Cope, in New Mexico. However, a renewed' examination 
of that tooth makes it more probable that it belongs farther 
back in the series. It is impossible to say how ,much of the 
front of tbe tooth was lost before the death of the animal. As 
already stated, No. 6663 of the National Museum, a consider-
ably damaged too·th, may really belong here. As in the case of 
the last milk molar and the first molars, upper and lower, of 
E. primigeniu,s, it will probably be found that in the same teeth 
of Elephas columbi, it will be sometimes difficult, to distinguish' 
them. Had one a number ()f good series of both the upper and 
the lower of these teeth, some characters might be found which 
would serve to separate them. 
T4e first lower tnte molar is shown by figures 4 and 5 of plate 
LXII, a tooth (No. 2256, National Museum) of the left jaw~ from 
Afton~ Oklahoma. It is worn down in front nearly to the base 
and backward to nearly the last ridge-plllite. A part ,of the small 
, anterior root is preserved, but the hinder root had not yet been 
developed. The length of the tooth is 200 mm. ; the width of the 
grind4t.g face, 78mm.; the height of the hinder plates, 132 Wm. 
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There are eleven plates, with front and rear talons. On the 
. grinding face there are six ridge-plates iIi 100 mm. As will be 
observed, the ' sides of the tooth are yet, to a great extent, cov-
ered with cement. The enamel of the ridge-plates is thick and 
' crimped. This is a beautifully preserved tooth. . 
'The second upper permanent molar appears to be represented 
in, the National Museum by No. 287, without known locality 
(PI. LXIII, fig. 1). This tooth was 'used for illustration by the -
a.uthor in a report ·to the State Geologist of Indiana (Vol. 
XXXVI, pI. xxiv, fig. 2), but in the explanation of the plate 
.I, it is wrongly called the third molar. It appears to he too small 
to be the last molar, and if such ,would have the minimum of 
ridge-plates. 'In front, this tooth is worn down to the bottom 
of the first ridge-plate and backward to the thirteenth. There 
are eighteen or nineteen plates present, a number slightly larger 
than expected; but we do 'not know well yet the extent of va-
riation in this species. The length of the tooth along the base, 
in a, straight line, is 3QO mm.; the width, 78 mm.; the height of 
the thirteenth plate, 195 mm. The plates are bent as they ascend, 
as seen on the sides of the tooth. There is' an unusually small 
amount of cement between the various plates. There are eight 
plates in a 100 mm. line. The base of the crown is strongly 
convex. On the anterior half of this tooth there remains a con-
siderable amount of cement. 
As belonging here the 'writer j.dentifies a tooth (PI. LXIII, 
. fig. 2) which is in the collection at the University of Iowa and 
which has the number 167. It was found by Prof. B. Shimek, 
in the Peckenpaugh gravel pit, at Logan, Harrison county, Iowa, 
in Aftonian deposits. There are present fourteen ridge-plates 
and the a'nterior talon. The hinder plates had not completed 
their growth and it is probable that about two are missing. On 
the other hand, it is possible that this is a first true molar with 
somewhat more than the 'typical number of plates. The height 
of the eighth plate, 160 mm., appears to be against the latter 
' supposition. The distance from the front of ,the grinding face 
to the rear of the last plate is 192 mm.; from the base of the first 
plate to the rear of the last plate, about 175 mm. The width of 
27 
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the tooth is 70 mm. There are eight plates in a line 100 mm. 
long. ' . 
It will be observed that the tooth regarded as the third upper 
milk molar (PI. LXII, fig. 1) would resemble the tooth here 
described, if the front plates of the former had been worn down 
to the seventh or ,eighth from the front. 
The lower second molar seems to be represented by No. 2254, 
of the National Museum, from Afton, Oklahom'a (Pl. LXII, fig. 
6; PI. LXIII, fig. 3). The hinder part, probably about three 
plates, is missing. There are thirteen present, besides the short 
one, the talon, in front. The tooth is worn but little, only on 
the anterior five plates. There are seven plates in a 100 mm. 
line. It will be seen from the figure that they are curved as 
they ascend; while the anterior and the hinder ones cop.verge 
toward their sUmmits. The length of this specimen, from the 
summit of the anterior talon to the base of the hindermost 
plate present, is 225 mm.; from the base of the anterior plate 
to that of the hinder one present, 180 mm. Three additional 
plates would have made the basal length about 220 mm. The 
height of the sixth plate is 135 min. In the unworn condition 
there was evidently a rounded boss which occupied the front 
and upper angle of the tooth. Each of the unworn ridge-plates 
ends above in 'seven or eight digitations, of which the outer one 
on each end of the' row is considerably larger than the others. 
Figure 4 of plate LXIII is a tooth which was collected some-
where in Alaska, by Mr. A. G. Maddren, of- the U. S. Geological 
Survey .. It is No. 6668 of the National Museum. By the writer 
it is identified as the lower second molar of the left side. The 
tooth certainly did not belong to Elephas primig'enius, as shown 
by the coarseness 'of the plates, seven in a 100 mm. line, by the 
form of the tooth, by the bent condition of the ridge-plates, and 
by the thickness of the enamel. Unfortunately the front of the 
tooth 'is injured, but it is evident that not more than the first 
plate, with the talon, is gone. Counting one missing there were 
nineteen present, including the rear talon, practically a plate. 
That is in excess of the supposed typical sixtee1;l, but perhaps 
sixteen is not typical 'of the number of plates in the penultimate 
molar. This individual tooth had suff.ered wear on only five or 
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six plates; and on these it had hardly ' gone through the 'digita-
tions. The whole tooth is covered with a coating of cement. 
The length of the base in a straight line exceeded little, if any- ' 
thing, 277 mm.; the ithickness, 90 mm.; the height of the sixth 
plate, 140 mm. No roots had begun to form. 
The third permanent molars, upper and lower, are more , 
numerous in collections than any of the other teeth. They are 
large and powerful organs. Notwithstanding the number of 
these -teeth, the writer can furnish no illustration of an upper ' 
one which had not yet begun to wear. 
Figure f of plate LXIV is taken from No. 2247, of the Na-
tional Museum, an upper ultimate molar which ~as found at 
Afton, Oklahoma. The tooth has lost a little of the rear, prob- , 
,ably one plate and the talon. Counting thus there were twenty 
plates. In front it is worn down to the roots and it is not im-
probable that a few plat'es had there worn out and disappeared; 
however, the number in this tooth is probably sometime~ re- , 
duced to ,twenty. We may expect twenty-four or even more. , 
The length of the tooth, as preserved, is 340 mm. The height 
of the tooth at the seventh plata is 215 mm. ; the greatest thick-
~ess is 100 mm. There are six, in some places seven, plates in 
a line 100 mm. long. It will be observed that the base is very 
convex; also that the ridge-plates are much bent on their way 
from the base to the summit. The summits converge distinctly. 
Those of the plates in front, in this specimen, are turned so 
strongly backward, that the plane of wear cuts the front borders 
at a very acute angle. This causes the anterior lamina of 
enamel of each ridge-plate to stand out very prominently. Un-
der the bases of the ridge-plates, from the fourth to the ninth, 
.inclusive, is a mass apparently of coalesced fangs. Others in 
front have been broken off, apparently in getting the tooth out 
of the ground. ' 
The base of the crown of the upper molar; of Elephas columbi 
is usually pretty strongly convex, as in the tooth' just described, 
and this character may be employed to distinguish the teeth of 
this species from those of Elephas primigenius,. but to this rule, ' 
as to most others, there are some exceptions. To illustrate this 
there is presented here (PI. LXIV, fig. 2) a figure of a large 
~ . 
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upper last molar which was found near Mount Angel, Clack-
amas county, Oregon. The length from ' front to rear is 355 
. mID.; the greatest height along the thirteenth plate is 193 mID. 
From the photo,graph received from Rev. P. Ambrose Walsh,' 
it appears that there are present twenty-one ridge-plates. There 
are of these jive and a f.raction in a line 100 mm. long. It will 
be observed that the b'ase of the .crown is nearly ' straight. The 
tooth is also remarkable because of the fact that the ridge- ' 
plates are not warped as they proceed from the base to . the 
summit. The specimen presents a good 'view of the roots of 
the last upper' molar. The number of. these small roots is re-
markable, there being one, or a pair of them, for nearly ev.ery 
ridge-plate. Those in the rear had not yet completely devel-
oped. It is quite probable that most of these fangs are free only 
at their very extremities, while along the greater part of their 
length they are attached by one border to a median plate run-
11ing the length of the tooth. This tooth is so different from the 
one shown on the same plate that it may be suspecteq to belong 
to some undescribed species. 
The structure of the last lower molar may be illustrated (PI. 
LXV, fig. 1) by a little-worn tooth of the right side which was 
found in Tipton county, Indiana, by Prof. Erwin H. Barbour, of 
the University of Nebraska. It· is a part of the Morrell collec-
tion at the university named. This tooth has suffered only a 
little wear on about three of the broad plates; it gives therefore 
' an'idea of the form of the tooth when first coming into use. The 
base is strongly convex. The anterior ridge-plates have their 
. summits turned considerably backward, while those of the rear 
lean forward. There are twenty-two plates present and one or 
two are missing from the rear, where they had not yet become 
well consolidated. From the front to the rear of the tooth, in a 
straight line, the length is 280 mm. The height of the fourth 
plate is 152 mm. This tooth, of course, had developed 'no roots. 
FJ;'here is in the National Museum a very similar tooth, No. 6017, 
which was found somewhere along Missouri river in Montana. 
;Figure 2 of plate LXV is prepared from a photograph of a 
lower jaw found near Mount Angel, Oregon. It belonged prob-
ably to the same individual to which appertained the last upper 
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molar of plate LXIV, figure 2 . . Here' there is seen the front of 
the lower jaw, with its long beak, and the jaw contains .both of 
the last molars. In front of each of these molars is seen a cav-
ity in the jaw which was occupied by the hinder fang of the 
second molar. The length or the last molar may, be judged , 
from the fact that the worn surface of the left one is . 216 mm.; 
from the tip of the beak to the front of this great molar is 
280 mm. It will be observed that the hinder plates pitch strongly 
forward, as in the tooth from Tipton, Indiana. . 
' To indicate the size which the last molars of E. colivrnbi may , 
attain,it may be stated that there is in the State Museum at 
Lincoln, a lower tooth, which has the length of 407 mm. Prof. 
Erwin H. Barbour informs me that this tooth has twenty-eight 
• 
ridge-plates. This may include the talons. 
Elephas imperator Leidy. 
Tooth formula not well known; the hindermost molars having 
apparently from sixteen to twenty ridge-plates; the teeth large, 
with thick ridge-plates and thick enamel; the ridge-plates often 
concave on their hinder face and more or less warped; those of 
the hinder half of the lower teeth leaning strongly forward. 
This is a species not yet well known, although various parts 
of its skeleton have been collected. The type was collected 
many years ago by F. V. Hayden, on the Loup Fork of Platte 
river and therefore somewhere near the center of Nebraska. It 
is now in the National Museum and is designated by the number 
185. Leidy figured the specimen in 1869 (Extinct Mainm. 
Fauna, Dak., Neb., p. 254, 'pI. xxv, fig. 3). He regarded the 
tooth as pr'obably the penultimate' molar, and in the publication ' 
just referred to was inclined to refer it to Falconer's Elephas 
colwmbi. On account of the great breadth of the tooth, the 
present writer believes it 'is the last molar, and probably that 
Of the right side ' of the skull. This type is only a fragment, 
however, consisting of eight anterior ridge-plates of a much 
worn tooth. It is probab~e' that some plates in front had worn, 
down and fallen from the ammal's mouth before its death., 
There were evidently some roots present, and these were prob-
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ably broken .off about the .time of the discovery of the specimen. 
The breadth of the grinding face is 125 mm., but of this about. 
5 mm. on each side belongs to the· cement. There are hardly 
five rid,ge-plates in a line 100 mm. 19n9 and crossing the plates 
at :right arigl(3s. The enamel plates are each nearly as thick as 
the layer of dentine enclosed by thl'lm. The plates of cement in-
tervening between the ridge-plates are somewhat, but not ,great-
ly thicker than the plates of dentine. The face of each enamel . 
plate which is directed toward the plate of cement is moderately 
striated from .the base to the summit, but this striation is not 
deep enough to be called crimping. At their inner and outer 
margins the 'ridge-plates are turned backward so as to make 
each one deeply concave on the hinder face, convex on the front 
fu~ . 
The discovery of additional specimens bearing the essential 
characters of the type specimen make it very certain that they 
belonged to a sp~cies distinct from both Elephas primigenius 
and Elephas colwmbi. . 
Some fine elephantine teeth were found by W. H. Holmes, in 
a spring, near Afton, Oklahoma. Two of these, an upper and 
a lower, were figured by Holmes (Report U. S. Nat. Mus., 1901, 
pIs. viii, ix), and were, on the authority of Frederick A. 
Lucas, referred to the species here described. Through the 
. courtesy. of the National Museum the present writer is permit-
ted to present figures of these teeth (Pl. LXVI, figs 1, 2; Pl. 
LXVII, fig. 1). The upper tooth, figure 1 of the plate first cited, . 
ha!jl the catalog number 2216. It was without doubt 'the last 
upper molar of the left side. In front it is worn : down to the 
base. The surface of wear extends back to the ninth plate. 
There are counted sixteen plates. The anterior talon is missing 
on account of wear, and the posterior one is broken off. It seems 
not unlikely that at least two ridge-plates are missing, either in 
front or behind. The plaJtes are very thick, there being hardly 
five of them in a 100 mID. line. It will be observed that the 
plates are bent as they 'pass from the base to the summit. In 
another tooth, which is broken, it is seEm that the hinder faces of 
the plates ·are corisiderably. dish-shaped. It will be observed like-
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wis'e, that the plates converge toward their summits. The base 
of tlle tooth is very convex. 
The .length of the tooth, from the base of the first ridge-plate 
to that of the hindermost, is 350 mm. The thickness is 126 mm., 
more than one-third the length of the ' tooth. The height of the 
ninth plate is 250 mm. As will 'be noted, the plane of wear, at 
the ~tage represented by this tooth, strikes the summits of the 
plates very obliquely., ' , 
Had ,there been other plates in front, the plane of attrition 
would have been nearly parallel with them. , From the direction 
taken by the anterior plates, it seems probable that the tooth had 
not yet.lost any considerable part of its bulk through wear. 
From Afton, with the tooth described above, was brought an-
other great tooth, No. 2217, of the National Museum, which be-
longed to the right side of the lower jaw. This is shown on plate 
LXVI, figure 2; and plate LXVII, figure 1. It is possible that it 
belonged to the same individual, but of this we 'cami.ot be certain. 
It is worn back to about the ninth ridge-plate; in front, down to 
the base of the front plate. One cannot be wholly certain that 
one or more plates have -been worn out and have disappeared, in 
front; but because of the small number and because no anterior 
root is present it is ,thought that at least two are gone. The 
'length from the 'base of the anterior plate present to that of the 
hinder one, is 297 ' mm~ The greatest wiqth, taken 'at one-half 
the height of the tenth plate, is 125 mm.; the height of the ninth 
plate is, in a straight line, 170 mm. At the middle of the inner 
and outer faces there are only three and a half ridge-plates 
crossed by a line 100 mm.long. At the rear there are five plates 
in such a line. There are to be counted ,sixteen ridge-plates and 
a posterior talon. These are about as thick as the cement plates. 
The enamel is thick and considerably crimped. 
The lateral view of the tooth shows that the anterior plates 
are directed at first forward as they ascend, but at mid-height, 
they are turned somewhat backward. The hindermost plates 
lean s:trongly forward. The base is very' convex. Unless the 
anterior roots are missing through wear, very feeble ones were 
developed in front, none at all in the rear. One rather striking 
feature in the tooth is the way in which it becomes thinner to-
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ward .the base. For ·example,a ridge-plate which measures 125 
mm. in width at half its height, is only 75 mm. wide at the base .. 
On account of the great size of th·e two teeth above described, 
the . writer has regarded them as. the hindermost molars, upper 
and lower. It is noticed that these have only sixteen ridge~plates 
present. It is possible that the number of these varies, as it 
does especially iIi Elephas primigenius, buf to some extent in all 
species of elepha!1ts. . 
·Again . it is .possible that these teeth, la~ge as they are, are 
only the penultima~e . molars; . but on neither of them is the~e 
seen at the .rear any surface against which. another tooth had 
pressed. And in this connection may be mentioned a gre~t 
-lower jaw which is in the collection of the Philadelphia Academy 
of Science. This has no label, but the writer has reasons for 
, believing that it is one found by E. D. Cope, at W,ellington, Kan-
sas, and described by him in ' the Journal of that Academy, 
volume IX, 1894, page 4~3. This jaw is somewhat damaged, 
but there are present, on the left side, about two-thirds of a 
great molar, and on the right side a nearly complete one, re-
· garded as the hindermost. The , bone is broken away from the 
inner face of the right molar, thus exposing well its ridge-plates. 
It is pretty certain that one ridge-plate is missing in front, and 
one or more ~t the rear. Eighteen plates are present. From 
· the front of this too,th to the base of the hindermost plate is 435 
mm., a little more than seventeen inches. The height of the 
tenth plate, in a · straight line, is 180 mm. 
The various ridge-plates take about the' same course on their, 
way from base to summit as in the tooth above described ·from 
· Oklahoma. On the hinder end of the tooth, on the grinding sur-
face, six plates outcrop ina distance of 100 mm.; but on the side 
of the tooth, at one-half of the height, there are only three and 
one-h~lf ' plates in 100 mm. It can hardly be doubted that this 
jaw belonged to Elephas imperator. 
In the American Museum of Natural History; New York, there 
are remains of two 'elephants which seem to be referable to the 
' present species. One of these was found near B~eville,. Bee 
· county, Texas. In this specimen there are present both upper 
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molars in :the maxillre; and both tusks are preserved. The latter 
have a length of thirteen feet along the outer curve. 
The other specimen was found in the canyon of the Tulea 
creek, in Briscoe county,' Texas. This specimen has the catalogue 
number 10598. ' The right ramus and symphysis indicate a large 
and massive jaw. From the front of the beak to the rear of . 
the condyloid process measures 780 mm., close to thirty-one 
inches. A large molar is present which was slightly injured in 
front and which has been restored in plaster. The. hinder end 
is imbedded in the bone and cannot be wholly observed. Six-
~ teen plates are counted and there are doubtless at least two more. 
The part of the tooth in view measures 300 mm.; but the bases 
of the hinder plates evidently extend still further backward. On 
. the outer face of the tooth there are four ridge-plates in a 100 
mm. line. .I ~ II ~ I NI 1H II 
The greater p'art of the right fore limb was secured. The 
height of this, including the scapula, is eleven feet, ' five inches. 
The corresponding limb of Jumbo, a very long-legged elephant, 
is ten feet. . 
The following measurements have been secured from these .-
lirO.bs: . 
MEASUREMENTS OF FORE-LIMBS. 
Bones Measured I 
Elepbas I 
J 
Jumbo imperator 
Humerus, length from upper surface of the head to the 
lowest part of the inner articular surface for the ulna ___ ____ _________________________________________ 1080 mm. 1080 mm. 
Humerus. 'greatest diameter of shaft at constriction__ 180 mm. 180 mm' 
Humerus. shortest diameter of shaft at constriction__ 142 mm. . 125 mm. 
Humerus, width of lower articulation, in front________ 280±mm. 235 mm 
fina, from upper border of greater sigmoid cavity to lower end __________________________________________ 1030 mm. ~80 mm. 
fin a, fore-and-aft diameter . at middle of shaft________ 120 mm. 120 mm. 
fina, side-to-side diameter at middle of shafL_________ 145 mm. 130 mm. 
Radius, length, in straight· line_________________________ 956 mm. 
Radius, side-to-side diameter, at middle ·of shaft ________ 82 mm. 52 mm. 
From the Aftonian gravels of the Peyton pit, at Pisgah, Har-
rison county, Iowa, Prof. B. Shimek sec'ured a large right upper . 
molar which was described and figured by Calvin as Elephas 
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imperator (Bull. Geol. Soc. Amer., Vol. XX, p. 35~, pI. xxiv). 
The same figure is here reproduced , (PI. LXVII, iig. 2). The 
author has examined, this tooth and has. concluded that it must 
be ' referred to E. , imperator. His measuremeI).ts diffe~ ' ~ome­
what from those given by Calvin. The writer found that the 
greatest length was 330 mm.; the length from th'e base of the 
anterior plate to the ba~e of the hinder, 315 mm.; the thickIfess, 
110 nim.; the height of the twelfth plate, 200 mm. Calvin ,gives 
as, the length 290 mm., having evidently measured in a different 
way. ' ~he .thickness giveJ;!. by, him is 108 ~., . 3 trivia1.differ-
ence. ' The height as given by Calvin is 265 mm, indicating. that 
, the height is n~arly as great as the length, which is far from ,the 
case. 
The tooth was worn back to the twelfth ridge-plate. ,The 
unworn part of this edge of the tooth is straight to th~ swr:!mit 
of the' hinder p\ate. The base of the crown is far from having 
the ' convexity seen in ,the upper molar from Afton, Oklahoma. 
There are present eighteen ridge-plates and front and re~r 
talons. On the sides of the tooth a 100 mm. line crosses five and 
one-half ridge-plates. The enamel is thick and ' soroewhat 
crimped. , 
It will be ob'served that this tooth differs in form from the 
tooth from Oklahoma. The base is nearly straight, instead of 
being very convex. ,The tooth is not, so high in proportion to 
its length. If~ however, the Oklahoma tooth had been worn back 
to the twelfth plate, the difference would not be so great~ The 
ninth plate of the Pisgah tooth must have been considerably 
higher than the twelfth. This tooth was evidently longer in pro-
portion to its height than was the one from Oklahoma. ,Such 
variations occur in all the species. It will be observ~d that in 
the iooth from Pisgah, the ridge-plates do not converge toward 
the summit of the tooth, but are parallel with one another; also, 
that, although more worn than the Oklahoma tooth, the wear 
had not come down to the base of the :first plate. 
On account of the large size of this tooth and its thickness and 
the small number of its ridge-plates, the writer assigns it, as 
'did 'CalYin, tQ Elephas imperator. The alternative, would 'be' to 
'regard it as being a hindermost molar of Elep1has c.olumbi, with 
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ridge-plates in a minimum number, of maximum thickness and 
of maximum width. 
From the same pit at Pisgah, Calvin has . (op. cit., pI. xxv, fig. 
4) figured a part of a humerus. The head and the tuberosities 
are missing, as well as the external condyle and the condyloid 
l.'idge. The total length of the fragment is 840 mm. The' great 
humerus of the specimen of E. imperator, from western Texas 
. (p. 425) is 1080 mm. long and it is probable that this- Pisgah 
humerus would fall little short of being as long. 
Calvin, as cited (plate xxv, fig. 5), represented a lar:ge femur 
which was found at Pisgah in the Peyton pit . . This had lost the 
head and the great trochanter. The length of the part remaining 
is 1140 mm. The femur of the specimen of E. primigenius, in 
the American Museum'of Natural History, New York, measures 
1240 mID. The Pisgah femur certainly exceeded this when in-
tact. In the New York specimen the greatest diameter, at the 
middle of the shaft of the femur, is 155 mm.; in the Pis,gah 
femur, it is 175 mID. 
NOTES ON REMAINS OF ELEPHANTS WHICH HAVE BEEN FOUND IN 
IOWA. 
As in the case of the mastodons the occurrences of elephant 
remains in Iowa will be taken up in the alphabetical order of 
the counties in which they have been found; and such notes will 
be furnished as seem to be useful regarding the remams them- . 
- selves and of the deposits in which theY,were buried. The num-
ber in parenthesis following the name of the county refers to 
the map fQrming plate LXVIII . 
. Allamakee-County. (1). Near Postville. In 1904 Mr. Thos. 
French, living four miles north of Postville, found four teeth, 
the lower jaw, parts of tusks, scapula, some leg bones, and 
some vertebrre, of an elephant, -which were sticking out of the 
banks of Y€llow river. The teeth measured each eleven and 
-one-half ' inches in length and weighed thirteen and one-half 
' pounds: Mr. French has informed the .writer that he still has 
these teeth-and bones. Not having seen them or photographs of 
them, the writer cannot say to what species they belonged. This 
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' locality lies within 'the driftless region. The superficial deposits 
there consis~ mostly of the insoluble remains of Paleozoic rocks, 
"overlaiJ?' by 10e,ss. It is impossible to determine at present ' the 
age of the clay in which these remains above mentioned occurred, 
' . beyond the fact that' they are Pleistocene. 
Black Hawk Cownty. (2). Waterloo; In the collection ,of the 
Iow~ State Historical Department, at Des Moines, are three 
teeth of' a;n elephant which the writer ~efers to Elephas primi-
,genius. These have the catalog numbers 4525, 4527, and 4532. 
, They were presented to the Department by, Mr. J. W. Wilby 
and were found, in 1897, in a sand pit, at Waterloo, at a depth 
, of seven feet froni the surface. No. 4527 is the last lipper molar 
of the right side and"No. 4532 the same molar of the left side; 
and 'these belonged evidently to the same individual. They are 
worn ,back to the eighteenth ridge-plate. No. 4525 is worn to 
the roots in front and to tne last ridge-plat~ behind. It seems 
.. possible that it is the second right molar of the individual which 
possessed the two molars first mentioned; but more probably 
it belonged to another individual. At the stage of wear of the 
, last molars, the second molar would probably have bee~ worn 
out. The last molar of the right side has a length of 280 mm. 
along the base; the heIght of the eighteenth plate is 170 mm. 
There' are twenty-two ridge-plates and seven and one-half plates ' 
in a 100 mID. line. 
It is impossible at present to determine at what stage of the 
Pleistocene the 'san<is were hiid down which contained 'the teeth 
here described. The county is covered with Kansan drift, over-
lain mostly by Iowan. 
Cedar County. I (3). Near Clarence. Prof. W. H. Norton 
(Iowa Geol. Surv."Vol. XI, p. 377) reported having found two 
small mdlars' of an Elephas, in a nearly perfect state of preser-
vation, on the farID. of Mr. A. T. Whitnell, in the 'southeast quar-
ter of the' southeast quarter of section 6, township 81 north, 
' range 1 west. This is about five miles ' nearly southeast of 
' Clarence'. Professor Norton informs 'the writer that these teeth . 
were found in th bed of a' small creek and probably had b,een 
, waslred out of a bed of gravel. 'The region is covered 'by Kansan 
drift; 'but wbether these teeth 'belong to' pre-Kansan or' to post-
" 
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Kansan deposits, the writer does not know. Considering the fact 
that this immediate neighborhood is overlain by Iowan drift, it 
seems more probable that the teeth are of post-Kansan times. ' 
The teeth · are in Cornell College, but the writer has not seen 
them. 
Oerro Gordo Oounty~ (4). Olear Lake. In the IowR State 
Historical Department 's colleGtion is a part of a lower· jaw of 
an elephant, which was found by M,r. H. I. Sririth, in the vicinity 
. of Clear .Lake, in 1898. In it are -two teeth which appear to 
have eighteen ridge-plates; but, inasmuch as the teeth are well 
, sunken in the jaw, their form and structure cannQt be well 
- studied: As 'seen, they are 230 ,mm. long and 93 mm. wide. They 
are probably the hindermost molars; and the species is Elephas 
, ' primig'enius. The enamel is somewhat ,thicker than usual ; and 
considerably channeled, but hardly crimped., . There are·' eight . 
ridge-plates in a 100 mm.line. 
Clear Lake, the lake itself and the town, is situated on the 
eastern border of the Des Moines lobe of the Wisconsin drift. 
It seems probable, therefore, that the jaw here described be-
.longs to post-Wisconsin deposits; Qut our information regarding 
the exact place of discovery of the jaw, and the depth and 
(lharacter of the matrix containing it, is not exact enough to l)er-
mit a well-formed opinion. It i:;; furthermore not improbable 
that E. primigenius continued to live in close proxImity to the 
borders of the great glacier which deposited the last drift sheet. 
From H. C. Smith, of Mason City, son of the finder of the 
: specimen, the writer has received the statement that he has, 
without success, tried to learn the particulars regarding the dis-
covery of this specimen. 
(49). Mason Oity. . On page 85 will be found an account of 
the finding of a fine elephant tooth near this place. It is believed 
by the writer to belong to Elephas primigenius. 
Oheroke'e County. (5). Near Oherokee. In the collection 
of the St~te UniveOrsity of Iowa is a 'tooth, No. 325, which the 
writer 'refers to ° Elephas qolwrhbi. It is a lower molar, either 
the penultimate or the ultim'ate, of the lower jaw. It shows six-
teen ridge~plates, but these are all worn; and it is probable that 
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. some are missing from the front. The length along the base is . 
305 mm., and this base is convex. On the sides of the tooth there 
are six ridge-plates in a 100 mm. line. The hinder plates· are 
bent and they lean forward. The enamel is thick and crinkled. · 
The width of the grinding face is 90 mm. This tooth was found 
in the summer of 1909, at a depth of about sixteen feet below: 
the su·rface, in what is known as the Turners.and and gravel pit, 
three miles north of Cherokee. 
The writer is informed by Mr. Richard Herrmann, of Du-
. b~que, that about 1875 there was found in a gravel pit of the 
Illinois Central Railroad, on the east side of Little Sioux river, 
a tusk, which had a length of nine feet. The greater part of this 
was for some time in a saloon in Fort Dodge; a piece three 
feet long was placed in a railroad office at Dubuque. It is, of 
course, impossible to say whether this tusk belonged to a mas-
todon or an elephant. 
Clayton County. (47). Wagner Township,. This numbel:" 
marks the finding of mammoth teeth in sections 5, 16, and 23, of 
township 94 north, range 5 west. The information was imparted 
by Rev. J. Gass, of Postville, Allamakeecounty. ~t is not known 
to which species they belonged nor what has become of the 
specimens. 
Clinton County. (6). Clinton. In the collection of the Dav-
€nport Academy of Science there is a lower molar of the :r;ight 
side which is labeled as having been found at Clinton, Iowa, and 
presented by Thos. J. Frazier. The length is about. 250 mm. 
along the base and this is convex. There are present sixteen 
ridge-plates, but all of these had been brought into use; and it 
is not unlikely that already some of the front plates had been 
worn out. These plates are somewhat bent, and there are six 
of them in a 100 mID. line. This tooth is referred to Elephas 
columbi. 
In Nettie C. Anderson's list, F. C. Baker reported that there 
, are in the collection of the Chicago Academy of Sciep.ces a tooth 
and a tusk of an Elephas which were found at Clinton: The 
- tooth was presented ·by J. W. Foster. 
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Crawford Cou,nty. {7}. Denison. Calvin described from 
tbis locality two elephant teeth wbich are to be referred to 
Elephas primigenius. One of these has been described and fig-
ured here (p. 406, PI. LVI, fig. ,2) as the second upper molar. It 
has' the number 21. . It was noticed by Calvin (Bull. GeoI. S:oc. 
Amer., :Vol. XX, pI. xxiii). , The other "tooth was secured at 
Denison by Professor Shimek and is the last upper molar of the 
tight side. It has the catalog number 294. It 'is partly e~closed 
in the injured maxilla, :which shoW's 'a portion 'of the socket for 
the tusk. C~vin gave a description and" figure ' of tbis tooth 
(Bull. Geol. Soc. Amer., Vol. XXII, p. 212, pI. ·xx. 'His figure 
shows the ,grinding face. Another figure is here published (PI. 
LX~X, fig. 1) which shows a side view of the tooth and of the 
portion of the maxilla. In front, the tooth is worn down to the 
roots; toward the rear the wear extended to about the twenty-
second plate. The length along the base is 330 mID. ,; the width, 
110 mm.; the height of the twenty-second plate, 160 mm. There 
are a little more than eight plates in a 100 mID. line. The cement 
covers t4e tooth so completely that the exact number of ridge-
plates cannot be determined, but there appear to have been about 
twenty-seven. As an individual peculiarity of this tooth, some 
of the anterior ridge-plates are divided at the. middle of the 
Width of the tooth. Other specimens are known which present 
the same peCUliarity. The alveolus for the tusk was at least 
186 mm. in diameter. 
, The age of the Pleistocene deposits at Denison has not been 
exactly determined. It was formerly thought by the Iowa geolo-
gists that they belonged to the Aftonian stage; but this is now 
' regarded as doubtful. Shimek (Bull. GeoI. Soc. Amer., Vol. 
XXII, p. 212, footnote) states that they form a river terrace, 
without overlying drift or loess; and no underlying drift could 
be found. The terrace beds show some evidences of redeposi-
tion. It appears that at this locality are some drift beds which 
are covered by loess. It was at Denison there was found the 
type of Cervalces roosevelti. Mammut americanum has also 
been discovered at this place, likewise El'ephas primigenius, and 
,the scapula of a species of Bison. The present writer refers, 
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provisionally, the deposits in which vertebrate remains have oc-
clirred at Denison to the Sangamon. . 
. Da.vis County. (8). Near Floris. In Nettie C. Anderson's 
list~ Justus M. T. Myers wrote as follows: "In 1862, I found ill 
the Des Moines river," near Floris, two mastodon teeth, one 
weighing fourteen pounds, the other four pounds." The larger 
tooth' was certainly that of an elephant, probably of Elephas 
colwmbi; for no mastodon tooth weighs so much. This throws 
doubt on other determinat~ons made by Mr. Myers. The point 
on Des Moines river nearest to FloriS' is about six miles distant. 
. .' . 
Des Moines Cownty. (9). Burlington . . In, the collection of 
the State University o~ Iowa is a large upper.molar wp,ich, under 
the nurp.ber 22, is recQrded as having been found at Burlington . . 
No details regarding the exact locality and conditions of burial 
have been furnished. The tooth .is worn to tie root in front and 
probably a few ridge-plates had been worn off. The length 
along the base is 255 mm. The ' rear is convex and about 115 
mm. high. The base is straight. There are about nine plates in 
a 100 mm. line. There is a strong posterior root and four pairs 
of small roots. There are some irregularities displayed by the 
ridge-plates on the grinding face. Some of those in front divide 
at the middle into two loops, as in the case of the tooth just 
mentioned, f'rom Denison~ .some of the hinder plates do not run 
. straight across the tooth, but have both their inner and outer 
ends thrown backward; and one of them is divided on the inner 
half into two plates. The tooth belonged to Elephas primigenius. 
As to the stage of the Pleistocene in which this animal lived, 
we can form no judgment. 
, 
In the collection in Iowa Wesleyan College is a tooth which 
appears to belong to Elep-has columbi. It has been restored some-
what in plaster. It shows twelve or thirteen ridge-plates and 
must therefore be the first true molar of the upper jaw; but it 
is so large as to suggest possibly E. imperator. Mr. Buetner, of 
Burlington, 'who presented the tooth, told the writer that it had 
been found, in Flint creek, about two miles from Burlington. 
Dubuq'ue C01~.nty. (50). " Near Dubuque. Mr. Richard Herr-
mann, of Dubuque, founder of the Herrmann Museum, has in-
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formed the writer that some years ago there was found, at 
Horse Shoe Bluff, three miles below Dubuque, a large mammoth 
tooth. Where the tooth is now ,is not known. Nor is it known 
to which species it belonged. 
In the Herrmann Museum is an upper last molar of Elephas 
primigenius which was found ,along the illinois Central railroad, 
eleven miles west of Dubuque. See page 82. This tooth 
measures in length 306 mm. aiong ' the · base and 210 mm. in 
height at the sixth plate. There are present twenty-two ridge-
plates and probably one or two are missing'!rom.the front. The 
~ width is 100 mm. There are seven plates in a 100 mm. line. The 
. rear is arched; the plates rise from the base in a somewhat 
~inu6us course; and the enamel is thin. 
At Dubuque the writer was shown, by Dr. H. G. Knapp, ' a 
. small, but characteristic fragment of a tooth of Elephas primi-
g'eni1tS, which had been found in making a dfift toward a ' lead. 
crevice, at a point about one-ha~f mile from Center Grove. The 
land was owned by Mr. William Brunskill. 
Fayette County. (10) : West Union. ' Number 42 of the col-
lection at the University of Iowa is a part of an upper molar 
with some plates missing from the front and others from the 
rear. There are twelve remaining. A 100 mm. lip.e extends 
across about eight of the ridge-plates. The base was apparently 
nearly straight, as was also the unworn part of the grinding 
edge. The tooth is regarded as that of Elephas primigenius. 
(11). Near Clermont. In Nettie C. Anderson's list, page 28, 
Prof. T. E. Savage reported a mastodon tooth from near Cler-
mont, which was in the possession of Mr. C. E. Allen, of Cler-
mont. Mr. Allen has sent the writer a drawing which shows 
that the tooth is that of Elephas, probably Ele.phas pr~migenius. 
Prof'essor Savage has kindly informed the writer that the tooth 
came from materials filling the valley of Turkey river. He be-
lieves that these- were deposited during the melting of the Wis-
consin ice-sheet. ' If this is true, the animal which bore the tooth 
lived. at the close of the Wisconsin stage or afterwards. Near 
this same place was found a part of a skull of the . musk-ox 
Ovibos moschatus. Mr. Allen states that the tooth was taken 
28 
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out of the gravel pit, of the Rock Island Railway between Cler-
mont and ElgiIt, Iowa, and that it was found at a depth of about 
twenty feet. - The-tooth, or what remains of it, is in the posses-
sion of Mr. Alien. ' 
Floyd County. (1'2). Marble Rock. In the collection of the 
State University of Iowa is an upper last molar ,of tpe right si~e, 
which was found during the summer of 1912 at Marble ROGk, ,by 
Prof. A. O. Thomas, of the State Uniyersity. It is figured o:q 
plate LXIX, figure 2, of about seven-twenty-fifths the natural 
size. It is identified as that of Elephas p'rimigenius. 
It 'tvas discovered in' a pit in a large gravel deposit which is_ 
,a post-Wisconsin valley train for:ri:ted at the time of the with-
drawal of the Wisconsin. ice-sheet. From the same pit had been 
taken previously a; large tusk and one or two imperfec~ molars. 
The upper molar, of which the writer has received a photograph, 
is well preserved. It~as worn down to the base in fro:iJ.t and 
backwanl to about the last ridge-plate. O~ these th~re ap:(>ear 
to have been at least ~'Yenty. It is possible that a few had dis-
appeared from the front. The length is ~35 mm.; the width, 98 
mm. In this tooth, again, about seven of the anterior ridge-
plates are divided by a cleft into an inner and an outer loop. 
The enamel is rather thin and quite free from any channeling. 
Other im-perfect molars just referred to, from the same lo-
cality, are Nos. 17 and 299 of the University collection. The 
former shows a well-worn tooth presenting thirteen plates, but 
some at the rear are missing. It is possible thl,!.t this tooth was 
the left second molar. The enamel is thick. T~e writer, on 
examining this tooth, was inclined to refer it to Elephas columbi; 
but this may be an error. _ . ' , 
Number 299, mentioned above, is a fragment of a much-worn 
lower molar and shows ten plates. It seems to belong to 
Elephas primigeniu'S. 
- Franklin County. (13). Near Hampion. .The writer has 
received-from Mr. William Brandt, of Hampton, photographs of 
a tooth of Elephas primigenius, whichhe found, January 1,1913, ' 
in a sand pit close to Beed's lake, near Hampton. The locality 
is in section 19, tOWnship 92, range 20. The tooth was met with 
I 
'. 
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, ' 
at a depth of about six feet below the surface. It is stated that 
it measures seven inches in length. It seems to be the upper left 
second true molar. It appears to have sixteen ridge-plates, with 
the usual talon's. ' There are nine plates in a 100 ,mm. line, and 
the enamel is thin and little crinkled. The roots are well-devel-
oped and retain between them parts of j'l'.j,w-bone. This locality 
is on the border of the Des Moines lobe of the Wisconsin drift-
sheet a:nd it is most probable that the animal lived at a time 
, when the foot 'of the glacier was not far away. 
Harr.ison Cou.nty. (14). Missouri Valley. From the Olaude 
Oox gravel pit at this place was obtained, by Professor Shimek, 
an upper right second -true molar of Elephas primigent'1fs. It 
has the ,catalog number 16 in the collection at the State Univer-
sity of Iowa. The gr~nding border is worn about one-half ·of 
its length and it has been considerably weathered. The hinder 
plates had not completed their growth at the base. All the 
plates run parallel with one another, and the unworn .part of 
the grinding border is parallel with the base. Fourteen plates 
'are present, with.front and rear talons. The anterior roots are 
well-developed. The roots of the anterior half of the t'ooth are 
in pairs. · lt appears to tp.e writer that this tooth .is that of 
Elephas primigenius rather than that of Elephas columbi,. 
A jaw found in the Oox pit is referred by Oalvin (Bull. Geol. 
Soc. Amer.,.Vol. XX, p. 351, pI. xxv, fig. 2) to Elephas imp'era-
tor. This jaw has the catalog number 1. Both horizontal rami 
are present, but most of the inner walls bounding the alveoli are 
broken away. No tooth, or part of a tooth, remains. The jaw 
is somewha't larger than that of Elephas primigenius, No.3, of 
the collection. From the outside of one ramus to that of the 
other, immediately in front of the origin of the coronoid process, 
is 450 mm. The height of the jaw, · at the front of , the socket 
for the tooth, is 177 mm. The width of the lingual gutter is 160 
mm. The tooth socket has a , depth of about 150 mm. Its lower 
portion appears to have contained a root, probably an anterior 
.root, 'of the tooth. Behind . this the socket is narro~ed by a 
wall of bone 25 mm. thick, which appears to have been a septum 
between the aIiterio.r , rO,6t and a succeeding one. Behind this 
septum is seen a part of a socket for another strong root. 'On 
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the inner face of the outer wall of the alveolus which contained ' 
the great last molar, are grooves which were occupied ,by the 
ridge-plates on the outer face of the tooth. Five of these 
grooves are crossed by a line 80 mm. long. This would amount 
to six ridges in 100 mm. It appears to the writer that it is 
:more probable that this jaw belonged to E.columbi. The lingual 
groove has a width of 82 mm.; while that of No.3, regarded as 
Elephas primigenius, is only 54 mm. wide. 
Other teeth found here are regarded by Calvin as belonging 
to ' Elephas colwnibi. Vertebrre from this pit, Nos. 269 and 253 
of the collection at Iowa City, probably beloD.'g to Elephas. ' 
(1~). Logan. For the collection' at the University of Iowa 
was <}ollected by Shimek the fine upper second molar 'of, Elephas 
columbi which has been figured in this work (PI. LXIII, fig. 2). 
Thi:s was fo'Und in the Peckenpaugh sand pit and now has the 
catalog number 167. Mr. Charles L. Crow, of Logan, informs 
the writer that he has from the same pit, another elephant's 
tooth, not complete, however. 
(16). 'Pisgah. In the Peyton pit at this place was obtained 
the fine tooth which is shown on plate LXVII, figure 2, and re-
ferred to Elephas imperator. The history of the tooth has been 
given on pages 57 and 425. This pit is regarded as being made 
in Aftonian deposits. 
From the Peyton pit were obtained the large imp'erfect hu-
, merus and the large nearly complete femur which have 'already 
been described under Elephas imperator on page 427. 
Iowa County. (17). Marengo. In alluvial gravel, along 
Bear creek, in the northwest quarter of the northwest quarter of 
section 25, township 81 north, range 11 west) was found the 
fine first lower molar ' which is figured on plate LV, figure 2. 
It belonged to Elephas primigenius. 
In alluvial deposits along Iowa river, near Marengo, was found 
the lower jaw which, under the name of Elephas cotUlmbi, Calvin 
figured in his first paper on the Aftonian mammalian fauna 
(Bull. Geol. Soc. Amer., Vol. XX, pl. xxv, fig. 3). The jaw is 
nearly complete ~nd contains the first true molar of each side 
in a, fine state. of preserv'ation. Behind these in the cavity ' of 
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the right side ~f the jaw are some of the plates of the penulti- , 
mate molar. The molars present have a length of 156 mm. and 
a width of 70 mm. They are worn to the hinder plates. Of 
these plates there are thirteen, besides the 'front and rear talons. 
There are nine plates in a 100 mID. line. The enamel is rather 
thin and somewhat bent or crinkled in its course across , the 
grinding surface of the tooth, a condition which is caused by a 
channeling of the faces of the enamel plates. These teeth are 
' somewhat larger than usu,al, but the number of plates shows 
that they camiot he the second true molars. It .seems to the 
writer that this jaw belongs quite certainly to E. primigenius. 
~, ' Jefferson County. (18). 'Walnut Township. J. A. Udden 
(Iowa Geol. Surv., Vol. XII, p. 428) stated that in the bed of 
Walnut creek had been found a well-preserved lower jaw of an 
' Elephas. The entire specimen weighed 50 pounds. The finder 
of this specimen, Mr. Josia Bales, in a letter, informed the 
'writer' that he still owned the jaw. Not having seen it, the 
,writer cannot form an opinion regarding the species. 
'The locality' is in Walnut township; more exactly in the 
northwest qp.arter of section 28, township 73 north, range 8 west. 
This region is covered with Kansap. drift; but Nebraskan drift 
is present, as well as loess and alluvium. U dden stated that it 
was not evident to which division of the drift the jaw belonged. 
Johnson County. (19). Near Iowa City. In the collection at 
the State University of Iowa is a tusk of some proboscidean 
which was taken from the bed of Iowa river, ' a few miles be-
low Iowa City. On account of its strong curvature ·and its ' 
.slender proportions this tusk is supposed ,to belong to ,a species 
of elephant. It is illustrated on plate LVII, figure 1. It is , 
now in two pieces but when it was found these were joined. The 
length is somewhat more than six feet, the diameter only about 
three inc~es and a quarter. It is not known to what stage of : 
the Pleistocene this tusk belonged. . , 
Lee County. (20). In Nettie C. Anderson's list, on page 
28, Mr. ' Justus ::M:. Myers stated that he had found, in 'a creek 
' below Montrose, 'a 'molar of Elephas tprimigenius; and in Sugar 
(ireek, a molar of another extinct elephant which he could not 
. det'ermine. ' ' , . \ 
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Linn Cownty. (21). · Cedar Rapids. From Mr. B. L. Wick, 
attorney at Cedar Rapids, the writer has . received . a letter and 
two photographs of an elephant tooth which was' discovered in 
November 1911, by Mr. D. Feiereisen. He was engaged in pump-
ing sand. from the bed of the river and the tooth became lodged 
in the mouth of the suction pipe. This tooth has a length of 
.280 mm. and a height of 203 mm. It presents sixteen ridge-
plates, but some may be missing in front. It appears to be 
the second molar of the upper ·jaw. It is referred to Elephas 
. primigenius. 
The exact locality is near the southeast corner of the south-
west quarter of the southwest quarter of section 27, township 
83 north, range 7 west. This is within the limits of the town. 
It is impossible to determine in what deposits the ·tooth was 
originally buried. 
Louisa C ownty. (22 ) . W a;,pello. In the collection at the 
State University of ~owa is a tooth, referred to Elephas primi-
genius, which was found at or near Wapello. It has the catalog 
number 61. It appears to be the second lower molar. There 
are fifteen ridge-plates present; but, as the tooth is worn to iYhe 
base in front, a few plates may be missing. To what sta,ge of 
the Pleistocene it belonged is not known. 
(23). Near Coliumbus Jwnction. From Mr. E. B. Tucker, at-
torney at Columbus Junction, the writer has received letters 
and photograph<s, giving details regarding some elephant teeth 
which were found about five miles northwest of that town by 
Mr. W. A. Devore. The exact lO"Cality is the northeast quarter 
of the southwest quarter of section 34, township 76 north, range 
·5 west. These teeth are ' referred-to Elephas primigenius. One 
is a lower' molar, apparently M.2 ; and appearing to have fifteen 
plates and front and rear talons. The length is giv~nas eight 
inches (203 mm.). There are close to nine plates in a 100 mm. 
line. The other teeth are much more worn and appear to be 
the first molars, right and ~eft . . 
. These teeth were found in a gully; and, being together, it is 
' evident· that -they had' just · been washed out of their resting 
place. To what stage of the Pleistoce:q.e this soil belongs might 
be determined by a competent geologist on the sP9t .. · Udden 
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(Iowa Geol. Surv., VoJ. XI, p. 102) states that the dtift-~heet 
now known as Nebraskan, called by hjm at that time Alber~an, 
underlies that. part of the county, and along some of the streams 
i~ brought into view. In places Aftonian sands and peats are 
exposed, while this is overlain by .Kans~n till. On the. so.u.theast 
quarte:r: of section 21 of the township in which the teeth here 
described were found, there is, ac~ording to 'Udden"an ~xposure 
presenting what was· supposed to be Alberta~ (Nebraskan)", till 
below, followed by Kansan till, and above this latter a' leached 
Sangamon soil. Above the last, there is a · covering of ·loess . 
. From which of these were the teeth derived ~ . . 
, (24). Near Morning Swn. J. A. Udden (Iowa GeoI. Surv., 
Vol. XI; p. 110) stated that some years ago there were dug out 
of the bed of Otter. creek, near the center of the northwest quar-
ter. of section 25, township 73 north, range 4 west, a tooth, lower 
jaw, part of the pelvis, several ribs, anp. a large part of a tusk 
of an elephant. Udden probably did not see these remains him-
self; and . their ,identification must remain somewhat douhtful. 
He expressed the opinion that the materials forming the · banks 
of the creek resembled Sangamon soils. 
(25). Near Gmnd View. J. A. Udden, on the page just cited, 
reported that a tooth, supposed to be that of an elephant, was 
once taken out in digging a shallow .well on a tributary to Indian 
creek, ~n section 28, township 73 north, range 3 west. 
Lyon Cownty. (26). Rock Rapids. In the collection at the 
State University of Iowa is an atlas of a proboscidean, No. 314 
(PI. LXIX, fig. 3), which was found at a depth of five feet, in 
gravel at Rock Rapids. The extreme width of the bone is 420 
mm. ; the extreme height, 225 mm. ; the distance across the articu-
lations for the condyles of the. skull, 255 mID.; across the articu-
lation for .the axis, 190 mm. The writer has compared a section 
acros!3 the neural arch of the atlas with similar sections of the 
atlas of EZephas primigenius and of Mammut dmericanum, with 
the -reslllt that the bone is referred to the former species. The 
proportions of the bone agree with this conclusion. This bone 
was found in what was . supposed to be a train of gravel, which 
had been carried down from the border of the Wisconsin ice-
, I"·
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sheet. Its age would 'therefore be either the Wisconsin or early . 
pbst-Wisconsin (Wabash). . 
In the pit which furnished the atlas here described there were 
found, at a depth of from twenty-eight to thirty feet, a probos-
cidean cervical vertebra (No. 315), a dorsal vertebra (No. 316), 
. and the distal end of a humerus (No. 317). All these bones 
iI!.cluding the atlas, were collected by Rev. J. J. Bushnell and 
¥r. A. W. Wright. 
Mahaska Oounty. {27}. Near Oskaloosa. In the collection 
at Iowa City is the right innominate bone which belonged to some 
species of proboscidean, and which was found in Skunk river 
about .three and one-half miles north from Oskaloosa and a mile 
and a quarter east of the Minneapolis & St. Louis railroad bridge. 
It is illustrated on plate LXIX, figures 4 and 5. Dr. Mark F. 
Boyd, of Oskaloosa, informed the. writer that this bone was 
b'rough't from the bed of the river by a fisherman whose hook and 
line became fastened to it. The bone was presented to the State 
University. Photographs of it have been sent the writer by 
Prof. A. O. Thomas, who has likewise furnished various measure-
ments. Corresponding measurements on the mastodon, Mam-
mut americanu;m, and the Asiatic elephant, Elephas maximu8, 
have been made for a comparison, with , the purpose of deter-
mining, if possible, to what species the fossil bone belonged. 
MEASUREMENTS. 
Fossil' Elepbas 
maximus 
Length from outer extremity of ilium to 
rear of ischium -----------r---"--------- 722 mm. 720 nim.. Length of lower median symphysis __________ 356 mm. 345 mm. 
Length of upper border of ilium, straight line 478 mm. 680 mm. 
Width of hinder end of each ischial bone __ 241 mm. 235 mm. 
Circumfcrence of ilium; where narrowest __ 486 mm. 345 mm. 
Circumference of ischium; where narrowest_ 222 mm. 205 mm. 
Circumference of ischio·pubic bar; where 
_ . narrowest _____________ ~----------------- 109 mm. 1103 mm. 
Mammut 
ameri-
canum ' 
900 mm. 
405 mm. 
840 mm. 
305 mm. 
520 mm. 
210 mm. 
250· mm. 
It 'will be seen that the measurements of the fossil agree much 
more closely with those of the Asiatic elephant than with those 
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of the mastodon. We are evidently justified in concluding, at 
least, thllt the bone was not that of a mastodon. Unfortunately, 
the writer has ·at hand no pelv.is of a fossil elephant with which 
to compare the bone from Skunk river. We may, however, pro-
visionally refer the bone to Elephas primigenius; but we must 
keep in mind t?-at it might belong to Rhabdobunus mirificus. 
As to the stage of the Pleistocene during which the animal 
lived we can form no certain conclusion. . The region is covered 
by Kansan drift, and it is possible that the bone is as old as the 
Aftonian. 
Marshall County. (28). Near Albion. In Nettie' C. Ander-
son's Hst, on page 29, Prof. W. H. Norton reported that a la,rge 
molar of a ma;mmoth, in a perfect state of preservation, had 
been found in Iowa river, near Albion, and presented to Cornell 
College. The grinding surface of the tooth is well worn. The 
writer has not seen this tooth. 
Mills County.' (2.9). Malvern. J. A. Udden (Iowa Geol. 
Surv., Vol. XIII, p.170) reported that, in 1879, bones of'a mam-
moth were exhumed from the lower part of the loess. These 
were met with, in gra'ding for the Chicago., Burlington & Quincy 
Railroad, at the crossing of First Avenue and Railway Street. 
There were, .as reported, three teeth, part of a tusk, and two 
long bones. 
(30). Near Glenwood. Here were found ·bones which were 
referred by Prof. J. E. Todd to Elephas americanus. ';rhey have 
already been mentioned on page 77. As there stated, the' bones 
are in Tabor College. . 
(34); Henton Station. In the collection at the State Univer-
sity of Iowa is an elephant tooth, No. 300, which was found here: 
It has been labeled Elephas imperator and it is probably the 
tooth referred to by Calvin (Bull. Geol. Soc. Amer., Vol XXII, 
p. 212). The length of the tooth, as preserved, is 180 mm. 
There are ten ridge-plates present; but, inasmuch as it is worn 
to the base in. front, some plates are probably missing there . 
. ·The maximum width of the tooth is 81 mm., but in front the 
width is ' only 71 mm. The height of the third plate from the 
rear is 91 mm. There are five and a half 'Or six plates in a 100 
mm. line. 
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Calvin regarded this , tooth as the third milk molar of. E. im-
p'erator. Possibly it was the first true molar. The writer is in-
clined to refer it to E. colwmbi, rather than to E. imperator. One 
might reasonably expect the tooth occupying , the position in 
the last-mentioned species to be larger. 
No. 301, of the collection mentioned, is another fragment of an 
elephant tooth from the same locality. • 
Monona County. (31). Turin. In the collection at the Iowa . 
State University are some teeth from Turin which Oalvin re-
ferred to Elephas columbi (Bull. Geol. Soc: Amer., Vol. XXII,; 
p. 212). In the same collection is a cervical vertebra figured pn 
a small scale by Galvin (Bull. Geol. Soc. Amer., Vol. XX, pI. 
xxv, fig. 8). This is quite as likely to belong' to a species of 
mastodon. 
(48). Mapleton. In the Griffin well on the east side of se,c-
tion 17, township 85 north, range 42 west, was found a tooth, 
which has been referred to Elephas imp.erator. It was found in 
the Aftonian sand. The tooth is now in a private collection. 
Montgomery County. (51). Near Rea Oak. In the collec-
tion of the Iowa Historical Department at Des Moines, is a much 
worn lower right molar, the next to the last one, which is labeled 
as having been found in the vicinity of Red Oak. It was pre-
sented by Messrs. William Boll and Son of the town mentioned. 
It is regarded as belonging to Elephas columbi. It has the 
catalog number B 264. The donors of this tooth have informed 
the writer that it was brought up in a sand pump from the bed 
of Nishnabotna river in 1912. 
Muscatine County. (32). Sweetland township. J. A. Udden 
(Iowa Geol. Surv., Vol. IX, p. 350) reported that elephant bones 
had been found near the center of the southwest quarter, section 
12, town~hip 77 north, range 1 west. They were in a peat de-
posit which contained also large pieces of gymnospermous wood. 
It was stated that the bones were in Mr. Charles Wier's museum 
at Muscatine. These remains were believed by Udden to occur 
in Sangamon soils. To which species these bones belonged is 
not known to the writer. ' 
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The w:r:iter has received a letter from ,Mrs. Sada Wier Rolland, 
of Muscatine, stating that on the deat;h of her father, James M. 
Wier, owner of the museum, referred to, the relics were do-
nated to the Muscatine library, there to remain as long as it was 
in existence. 
(33). M~tscatine. F. M:' Witter (Proc. Iowa Acad. Sci., Vol. 
I, pt. 2, p. 67) reported the finding of a part of an elephant'.s , 
tooth about one mile above the mouth of Mad creek, in Musca- ' 
tine . . At this point there is a nearly perpendicular bank about 
~ forty feet high, which is 6apped by loess. About ten feet below \' 
the top is 'a layer of gravel one foot thi~k; and in this gravel 
was found the tooth. This gravel may represent the Sangamon 
stage,. . . 
In the State University of Iowa the writer saw a tooth, appar-
ently the right second upper :r:nolar, which had been found at 
Muscatine, in a railroad cut. This tooth was deposited there 
temporarily. 
Polk COUinty. (35). Des Moines. In the collection of the 
Iowa Historical Department is a tooth, No. 4529, which is labeled 
as having been found near the Osceola bridge. It appears to bB 
the next · to the last lower molar of the right side. There are 
present thirteen ridge-plates and the front talon; but some plates 
are missing from the rear. The twelfth plate is 80 mm. wide 
and 127 mm. high. There are eight and one-half plates in a 100 
IDID. line. A root was being formed under the anterior four or 
five plates. The enamel is rather thick and somewhat crinkled · 
in its course across the grinding face. This tooth is believed to 
'belong to Elephas primig'enius. To the same species is referred 
a lower penultimate molar, No. 4530, found by Mr. Jesse F; 
Cockerham in the gravel pit at the north end of'Sixth Avenue 
bridge in Des Moines; al~o a small molar numbered 4528, which 
was found at the same place in 1903 and presented by Mr. J. E. 
Stout. Number 4531 is a . fem~r, without the articular ends, 
which was found at the same pit and presented by Dr. Clifford 
Losh. It is the femur of an elephant. 
Number 4526, of this· collection, was found in the vicinity 
of Des Moin~s and was presented by Mr. L. Hamilton, in 1883. 
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It is the last lower molar. It is worn to the roots in front and 
to the last plate in the rear. Some plates in front, together with 
the large anterior root, are missing. Eighteen plates are present. 
These rise ip . a cU,rve and lean ,toward the front of the tooth. 
The base is quite convex. . The grinding face is 90 mID. wide. 
There are seven plates in a line 100 mm. long. This tooth is 
referred to Elephas columbi. 
(36). Town of Polk. , Beyer (Iowa Geol. Surv,', Vol. IX, p. 
211) reported that a perfectly preserved m91ar tooth of Elephas 
prilmigenius was found in 1898, by an employee' of the Chicago 
and North Western Railway at this place. No additional infor-
mation was -available and the tooth has, so far as scientific pur~ 
poses are concerned, .probably been lost. The locality is within 
the area of the Wisconsin drift,. and it is to be regretted that we 
cannot know what was the relation of this tooth to that drift. 
It is probable that Beyer did not, at the time he wrote, regard 
E. columbi as a species distinct from E. primigenius . . 
In Nettie C. Anderson's list, on page 34, L. S. Ross stated that 
the femur of a mammoth, in a good state of preservation, had 
been taken from a sandbar of Raccoon river .in Polk county . . 
Pottawattamie County. (37). Council Bluffs. Number 309, 
of the collection of the University of Iowa is an upper molar, 
probably the penultimate, but possibly the first true mOlar. It . 
was obtained by- Professor Shimek from a collection in the 
Council Bluffs High School. It is supposed to have been found 
near the city. It is worn back to the eighth ridge-plate) which 
is 160 mm. high., The width of the tooth is 80 mm. It is sup-
'posed to belorig to the Aftonian stage. The writer identified it ' 
as Elephas columbi. 
(38). Washington Township. In section 34, township 75 
north, ' range 41 west, according to J. A. Udden (Iowa Geol. 
Surv., .vol. XI, p. 260) were found some bones of an elephant. 
They appeared to be buried in the loess. 
Poweshiek -County. (39). Grinnell. In Science, ser. 1, 
volume IV, 1884, page 46, Prof. H. W. Parker, of Grinnell 00'1- . 
lege, reported the recent discovery of elephant remains within 
the city . . They were found in digging a cellar, at a depth of 
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from five to eight feet. Prof. H. W. Norris informs the writer 
that three molars were found. One of these had a length of 
fifteen inches and had evidently been somewhat longer. A piece 
of tusk seven and one-half feet long, with a diameter of eight 
inches at the'ba.se and four inches at the distal end was found. 
Previously, other bones, probably of the same animal, had been 
found not far away. ·The remains are preserved in Grinnell 
College. . 
Through the kind permission of Professor Norris the writer 
. has been enabled to examine this specimen. It undoubtedly be-
longs to Elephas primigenius.' The teeth and bones were found 
at a depth of ' about :five feet at the northeast corner of Main 
and Fourth streets. The hindermost left molar is worn back 
to the sixth plate and probably two plates are missing from the. 
rear. The tooth is somewhat more elongated than usual, but it 
presents a fine example of the little worn last molar of this 
species. The anterior plates project in front of the base. From 
the worn extremity of the anterior plate to the base of the last 
one present the distance is 380 mm. The length along the little 
curved base is 280 mm, The height of the seventh plate is 212 
mm.; that of the twenty-fifth .plate, the hindermost one present, 
is 105 mm. The width of the tooth is 100 mID. The unworn 
part of the grinding border is nearly parallel to the base. The 
enamel is thin, .Another tooth appears to be the upper second 
molar, M2, probably of the right side. There are ten ridge-
plates in the specimen, which measures 100 mm. in length. There ' 
is present a third tooth labelled as belonging to the specimen, 
apparently M2, of the left side. Much of the front had been 
lost before the death of the animal. There is present the strong-
ly developed hinder root. There are only eight plates.in a 100 
. mID. line and the enamel is thick. The width is 86 mm. The 
tooth re'sembles that of E. colwmbi and it seems possible that 
there has been a mixture of two individuals. 
E. H. Barbour (Science, ser. i, Volume XVI, -1890, p. 263) 
recorded the finding of another specimen about one-half mile 
from that of 1884, at a depth of a bout twenty feet. Many bones 
were met with, but all badly broken. One well-worn molar was 
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saved. May it be the tooth l~st mentioned 'in the preceding 
,paragraph ¥ 
B ae County. ( 40 ) . Lake View. In the collection of the 
State University of Iowa is a part of a scapula which was found 
, in a gravel pit near this place. By Calvin (Bull. Geol. Soc. 
'Amer., Vol.. XXII, p' , 215) it was thought to belong probably to 
a mastodon; but, from the nearness of the spine to the , front 
of the bone, the writer concluqes that it belonged more probably 
to a species of elephant. The locality is ' on the border of tl?:e 
Wisconsin drift-sheet, and it is most probable that the animal 
belonged to the species. Elephas primig'enius, and that it lived 
near the foot of the old glacier which deposited this drift. 
BeoU County. (41). Davenport. In 1876, W. H. Pratt 
(Davenp. Acad. Sci., Vol. I, p. 96) ,gave an 'account of the finding 
of some elephant remains' w4ich had been exposed in a cut along 
the Chicago, Rock Island and Pacific railroad just west of Daven-
port. Some molars, a tusk, and some bones were found. They 
were said to be preserved in the collection of Griswold College, 
at Davenport. 
It seems that the same remains are now in the collection of 
the Davenpor.t Academy, where the writer has examined an 
upper last molar and a tusk, said to have been found in a rail-
road cut west of the town. The molar is a little worn, on only 
five ridge-plates. Twenty of these are present, with an an-
terior talon; but a few plates are missing from the rear. The 
unworn grinding border and the straight base are nearly parallel, 
with the anterior plates projecting in front of , the base. The 
total length is 270 IDm.; the height of the tenth plate, 180 IDm. 
There is no reason for doubting that this tooth belonged 
to Elephas primigenius. ' 
,The piece of tusk is 1800 mm: long, "nearly six feet. The 
diarueter at the base is 130 mm. The tusk forms about a semi-
circle. 
Pratt, as cited, showed that these remains were found in a 
layer of bluish gray clay, from three to five feet thick, which 
contained some land snails, and that this was immediately above 
a bed of brown pea~ one foot thick. Norton (Iowa Geol. Surv., 
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Vol. IX, p. , 482) referred to this section and concluded> that the 
drift below the pea't was Illinoian, and that the peat itself and 
the ancient soil beneath it belonged to the Sangamon. Shimek, ' 
however, regards the peat and the ancient soil as belonging to 
the Aftonian; the bluish gray clay, as being post-Kansan (Yar-
mouth) loess. For 'other remarks on the subject and additi al 
references to literature see page 62. If Shimek '8 interpreta-
tion is co'rrect, the present writer: would ,be inclined to refer the 
elephant bones to the Illinoian stage, tlle animal having Ii ved 
there when the edge of the , Illinoian ice-sheet was no~ far away. 
(42). Big Rock: In the collection of the Davenport Academy 
is a tooth of an elephant which lacks some plates both in front 
and at the rear and which has, besides, been weathered. It is 
probably a first molar. It is referred pro~sionally to Elephas 
Golu;mbi. It was found at Big Rock by Mr. A. W. Manchester. 
Nothing 'is known regarding its stratigraphical relations. 
(43). Buffalo. In the collection at Davenport there'is a part 
of a large upper molar which, with some bo~es, was found on 
the farm of Mr.~ Sullivan, near Buffalo. 
Tama County. (44). 'Tama. From Mr. Fred Herschel, of 
Tama, the National Museum has received a fine tooth of Elephas 
columbi. It is the lower right second ' true molar. Fourteen 
ridge-plates can be counted, b'!lt it is worn down to the base in 
front, and evidently a few plates, perhaps two, are missing. 
The anterior root likewise is missing. The total length is 266 
rom.; the width, 92 mm. The tooth is worn back to the last 
plate and this has a height of 115 mm. There are only five 
ridge-plates in a line 100 mm. long. Mr. Herschel informs the 
writer that this tooth was found sticking in 'the bank of Iowa 
river, about one-half mile south C!f Tama. This va;lley is, 
according to Savage (Jt>wa Geol. Surv., Vol. XIII, p. 244, map), 
filled with alluvium. The age of the tooth is therefore uncer-
tain. 
Warren County. (52). Near Indianola. In the collection at 
Simpson College the writer has seen a lumbar vertebra which 
quite certainly belonged to s,ome species of Elephas. This has 
already been mentioned on page 84. In ~is excellent paper 
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on Pleistocene Deposits in Warren Oounty Professor Tilton 
mentions tl1is vertebra, also a thigh bone three fee't long found 
in section 19 of township 77 north, range 23 west. The latter, 
, howev:er, may have belonged to a ~astodon. 
In Netta O. Anderson's catalog, page 38, a report was made 
by Professor Tiltop, of Simpson College, of some bones which 
had been found six feet below the bottom of a ravine, near In-
dianola. They were supposed to be buried in Kansan ' drift . 
. Among these bones was the vertebra mentioned in the preced-
ing paragraph. 
Washington County. · (45). Mr. T. Gass (Proc. Da:venport 
Acad. Sci., Vol. III, 1883, p. 177) gave an account of the dis-
eovery of some bones of an elephant on the farm of Mr. J eiTy 
Hoppin in this county. It was stated by Mr. Gass that the farm 
was on section 14, .township ,22, range 3, but this is an evident 
error. FJ.!om Mr. Marsh W. Bailey, of Washington, Iowa, the 
writer has learned that the farm in question is described as the 
northwest quarter of section 14, township 74 north, . range 
8 west of the fifth principal meridian. This would be in the 
southern part of 'the county, north of Skunk river, and seven 
or eight miles west of south of the town of Washington. 
Mr. Gass reported that two upper molars had been found, 
besides a fragment of a tusk, some vertebrre, the scapula, some 
leg bones, and fragments of ribs. These were found in the beq 
and banks of a small stream within an area hf:i,ving a diameter 
of fifteen feet, and about six feet below the surface of the , 
level ground; and they were buried in a sedimentary deposit of 
black mud, composed chiefly of vegetable mold, with some clay. 
From the fact that so large a part of the skeleton was lying there, 
it is evident that the animal's original resting place was there 
and that the deposit was ,not modern alluvium. It seems cer- . 
tain that some interglacial deposit had been cut 'into by the 
stream. 
Mr. Gass ' stated that the grinding surface on each tooth was 
eleven inches long and four and three-quarters wide. 
From Mr. William Hesseltine, of Brighton, Iowa, who was 
present when these bones were exhumed, the writer learns that 
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the remains were found a bout the center of the' section named and 
near the forks of the east branch of Walnut creek. Mr. Hessel-
tine further 'states that the bones were sold to a man in Mus. 
catine for a private museum. It is now known that this was 
Mr. James M. Wier, who at one time had a museum in Muscatine 
and who placed his collection in the Public Library of t}lat town. 
Mr. Hesseltine further informs the writer that in the summer 
of 1886 his brother, Albert Hesseltine, found a mammoth's tooth 
on a rock ripple in the west branch of Walnut creek. The exact 
locality is given as the northwest quarter of the southwest 
quarter of section 15. This would be about 'a mile distant from 
where the other. tooth was found. Mr. Hesseltine enclosed a 
sketch showing the appearance of the tooth, according to his 
recollection. It was undoubtedly the tooth of an elephant. 
Woodbury County. ( 46 ). Correctionville. In the collection 
at the State University of Iowa is a much worn proboscidean 
tooth which was found at or near this ' place. It has been re-
ferred to Elephas primigenius. No details regarding its dis-
covery are given. In this same locality were found parts of a 
skull of Bison ocoidentalis and pieces of antlers of a caribou. It 
seems probable that these remains are to be assigned to the 
Sangamon or to the very beginning of the Wisconsin. It is not 
up.likely, however, that the bison and the caribou belonged to 
different stages of the Pleistocene. 
Order Rodentia. 
Squirrels, Marmots, Beavers, Rats, Muskrats, Gophers, Por-
cupines, Rabbits, etc. . 
Animals yarying in size from very small to medium. Digits 
usually five on all the feet and furnished with claws. Teeth re-
duced in number; two functional incisors in each jaw; no canines; 
never more than three premolars. Incisors growing from per-
sistent pulps, usually with enamel on only the front face, so 
that those teeth become chisel-like through use. A long space 
between the incisors and the cheek-teeth. MandibliLar condyles · 
elongated fore and aft. Auditory bullre developed. Orbit open-
ing freely into the temporal fossa. Premaxillre reaching the 
frontals. Living mostly on vegetable food. 
29 
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The Rodentia ~ay be said to swarm over the whole habitable 
globe. In time'they are known to }IS from the ~arly Eocene. By 
systematists they are divided into two suborders :-1. The 
Duplicidentata, including the hares and 'rabbits and the picas; 
2. The Simplicidentata, containing all the other rodents. 'The 
Duplicidentata differ from the ot:Q,er rodents in many ways, but 
conspicuously in the fact that just behind the upper incisors is 
another pair of much smaller size. The hares and rabbits have 
inhabi'ted North America since the Miocene. 
Few remains of Rodentia have yet been found In Iowa. Their 
bones and teeth, being of ,small size, are likely to be overlooked; , 
but we may confidently e;xpect that in time many species will be 
found in the Pleistocene deposits of the state. 
It has been proposed (Gidley, Science, Vol. XXXVI, 1912, p. 
245) to separate :the Duplicidentata from the other Rodentia 
and to regard them" as a distinct order, under the name of 
Lagomorpha. To the writer at present the two groups appear 
to have too many characters in common to justify this separa- · 
tion .. Their relationship seem to be well expressed by regarding 
the two groups as suborders. 
Suborder SIMPLICIDENTATA. 
No rudimentary incisors , behind the func'tional pair in the 
upper jaw. ,Never more than two premolars in the upper jaw 
or more than one in the lower. Cheek-teeth either with or with-
out definite roots. Space between the rows of upper teeth 
usually less than that between the lower. ' 
The Simplicidentata are 'divided into at least three super-
families; 'the Sciuromorpha (squirrels, beavers, · etc.), the 
Myomorpha (rats, fieldmice, etc.), and the Hystricomor.pha (por-
cupines, guinea pigs, etc.). These divisions are based especially 
on the structure of the zygomatic arch, the size of the infra,-
orbital foramen, and the manner of origin of the angular prOC(;lSS 
. of the lower jaw. ' 
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S~perfamily SOIUROMORPHA. 
The Squirrels, Flying Squirrels, Woodchucks, Beavers, Giant ' 
Beavers, etc. 
Infraorbital foramen small, the zygomatic arch mostly formed 
by the jugal; the process of the maXillary which reaches back-
ward under 'the jugal lacking much .of reaching the zygomatic 
process of the temporal bone. Angular process proceeding 
from the lower side of the alveolus for the incisor. Tooth 
formula, it, c. %, pm. t~2, m. t. 
Under this superfamily come the squirrels, the chipmunks, 
the spermbphiles, and the ground-hogs, none of which are yet 
known to occur fossil within the. state,; but some of ,which may 
be confidently lbo~ed for in cave and ' fissure deposits, as well 
as in alluvial and peat deposits, and even in drift, into which 
they may have burrowed. In the same group belong 'the beavers, 
remains of which have been found in the Aftonian of Iowa. 
In the group Sciuromorpha the writer places without hesita-
tion the family Castoroididre, notwithstanding the fact that most 
authors have relegated it to the Hystricomorpha. Its relation-
ships are too close to 'the beavers to permit it to be removed far 
from them. Max Weber (Die Saugetiere, 1904, p. 512) goes 
so far as to place Castoroides in the family of beavers. 
Family Castoridae. 
The Beavers. 
Infraorbital foramen very small. No postorbital processes. 
Angular process of lower jaw rounded, with its lower edge 
turned inward. Teeth, i. t, pm. t, m. t. The single premolar 
of each row resembling the molar~; it and th~ molars consisting 
each of transverse lamellre of enamel and without roots. the 
pulIlS being persistent. Tibia and fibula coossified. 
Besides the existing genus Castor, this family includes three 
' or four extinct genera, one of which, Steneofiber, lived from the ' 
Oligocene into the Pliocene. 
, ' 
~ , 
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Genus CASTOR Linnreus. 
The ' Beavers. 
Skull strQngly cQnstricted behind the Qrbits. BasiQccipital 
with its lQwer surface 'deeply excavated. ' Teeth withQut true 
ro Q'ts , with persistent pulps and cQntinuing to' grQW until late 
in life. Cheek-teeth in a series which CQnverges fQrward, the 
teeth diminishing in size backward. Face Qf crQwn traversed ' 
more Qr less cQmpletely by lamellre prQduced in the 'upper teeth 
by three infQldings Qf the enamel from the Quter side and Qne 
frQm the inner; this arrangement reversed in the lQwer teeth. 
Vertebrre Qf the tail with elQngated transverse prQcesses. 
In the beavers the incisQrs are large, much cur~ed, and the 
hinder end extends back to theanteriQr cheek-tQQth. The 
enamel is cQnfined to' the frQnt of the tQQth and is Qf a deep 
Qrange cQIQr, which, hQwever, may disappear in the ,fQssil. Of 
the fQur cheek-teeth the ,single premQlar Qn each side is the 
largest. 
Castor canadensis KuhI. 
The American Beaver. 
On the arrival Qf white ' men Qn this cQntinent the beaver 
Qccupied the regiQn frQm MexicO' and ,the Gulf Qf MexicO' nQrth 
, to' abQut the limits Qf fQrests, extending nQrthwesterly in'tQ 
Alaska.' Its range now is much restricted. 
GeQIQgically it occurs in depQsits which we must believe be-
lQng to' very early PleistQcene, as at . Christmas Lake, OregQn; 
Hay Springs, Nebraska; the AftQnian depQsits Qf western IQwa; 
'and the PQrt Kennedy cave, in Pennsylvania. 
As remains Qf the beaver will certainly cQntinue to' be fQund 
in IQwa, SQme' measurements Qf variQus parts Qf the skeletQn 
are here given to' facilitate identificatiQn. The measurements 
are taken in straight lines between the PQints mentiQned. Other 
specimens may be larger Qr smaller. As aids to' the id.entifica-
tiQn Qf this specie's figures ::Ire furnished Qf the skull and teeth 
(PI. LXX, figs. 1-4). 
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MEASUREMENTS. 
Length of skull from rear of condyles to front of 'premaxillae___ 143 rom. 
From rear of condyles to rear of hard palate______________________ 47 mm. Width . across mastoids ____________________________________________ 69 rom. 
Least width just in fr.ont of ear-openings ________________________ 46 rom. 
Greatest width across zygomatic arches __________________________ 105 rom: 
Interorbital space _______________________ '__________________________ 26 rom. 
Width across snout at middle of nasals ___________________________ 33 rom. 
Distance from the incisors to' front of premolars _______________ .:. 50 rom. Length of series of cheek·teeth ____________________________________ . . 31 rom. 
Width of palate between the premolars _____________ :..____________ 7 mm. 
Width of palate between the hinder molars ____________________ 16 rom. 
Lower jaw from rear of condyle to front of sympbysis ____________ 101 rom. 
Lower jaw from rear of angle to front ____________________ -' _______ ·108 rom; 
Lower jaw, width across condyle _________________ -' ______________ :._ 68 rom. 
Lower jaw, width across angular processes _______________________ 92 · mm. 
Upper Teeth. Lower Teeth. 
Pm.' length ofcrown _____ 9 rom. Pm .• length 
--------------
11 mm. 
width 
---------------
10 rom. width 
---------------
7 mm. 
M.' length 
--------------
7 rom. M., length 
-----------_ ... -
8 rom. width _______________ 9 rom. width 
---------------
9 mm. 
M! length 
--------------
7 rom. M .• length 
--------------
8 mm . . 
width 
---------------
8 rom. width 
---------------
9 rom. 
M.· length 
--------------
6.5rom. M .• length 
--------------
8 mm. 
width 
---------------
7 rom. width ------_ .... _------ 7 rom. 
Scapula, length from glenoid fossa, along spine _________________ _ 84 rom. Scapula. greatest breadth ______________________ ,. ______________ -: ___ _ 48 rom. 
Humerus, length _____________________ : _________________________ ~ __ _ 86 rom. Humerus, width at lower end ___________________________________ ..: __ 34 rom. 
Ulna, length __________________________________________ ~ ____________ _ 118 rom. 
Radius, length ------------------------------------------------------ 85 rom. 
Pelvis, length _____________________________________________________ _ 187 rom. Pelvis. width at acetabula _______________________________________ _ 104 rom. Pelvis, greatest width at hinder end _____________________________ _ 103 mm. 
Femur, length from head to inner condyle__________________________ 110 mm. Femur, width at lower end ______________________ ~___________________ 42 rom. 
Tibia, length __________________ -'_____________________________________ 132 rom. 
Fibula, length ______________________________________ ~_______________ 121 rom. 
Caudal vertebrae, breadth of 4 anterior, across processes __________ • 75 rom. 
The scapula may be distinguished frQm any others of its size 
by the long process which descends 'from the outer border of 
the high spine, to a point below the head, leaving a broad notch 
- ' 
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between the latter and itself. The humerus is characterized by 
its flattened shaft and lower end, and by having on its outer 
,border, jusj; above. the middle, ' a strongly projecting deltoid 
. process. 'The femur likewise is flattened and has on its outer 
,border,' at the middle, ,a process known as the third trochanter. 
'Many references to the skeleton of the beaver may be found be-
, - ' 
low in the description of Castoroides ohioensis. 
In; the collection at the State University of Iowa, with the 
catal6g number 349, is a part of the left ramus of the lower jaw 
of a Beaver which it appears 'necessary to "refer to the existing 
species, Castor canadensis, (PI. LXX, fig. 5). This was found 
by Prof. I. A. Williams, in thl'l Cox pit, at :MIssouri Valley. Its 
age is Aftonian. The ascending ramus and the angular process 
,are missing, as well as the, last molar and all of the incisor which' 
protruded beyond ,the jaw. The total: length of the fragment is 
85, rrim. ' The following measurements are made on this specimen 
'and corresponding ones on a jaw of a recent specimen at the 
State University of Iowa. ' 
MEASUREMENTS. 
Fossil Recent 
Height of the jaw in front of the premolar ____________ 29 rom. 
Height of the jaw at m., ____________ :..___________________ 26 rom. 
Greatest tbickness of the jaw below m.,________________ 17 rom. 
Length of worn faces of the three teeth present-_______ 25 rom. 
Lengt):t of worn faces of m., and m.2_.:_________________ 16 rom. 
30 rom. 
25 rom. 
17 rom. 
24 rom. 
16 rom. 
In the fossil specimen the folds of enamel are directed from the 
inner side of the tooth outward and somewhat strongly forward, 
while in the specimen. with which it was compared they are 
directed at right angles to the front-to-rear axis of the tooth; , 
but recent specimenl;! are observed which show the same arrange-
ment ail is seen in the fossil. We might, indeed, expect that the 
species had undergone some changes since the time of the Af-
tonian; but we shall need much better materials in order to estab-
lish the fact, if such it is. 
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Family Cas~oroididae. 
The Giant Beavers. 
Infraorbital fora~en very small. No postorbital process. 
Angular processes greatly· developed. Tooth formula as in the' 
beaver, i. t,,c. t, pm. t, m. t. The incisors of enormous size and 
furnished with numerous longitudinal grooves. The premolar 
of each row resembling in ~tructure the molars ;' these composed 
of from three to five compressed plates of enamel held together 
by plates of cement. Fore feet , urumown; the hinder .'five-toed. 
Besides the genus C~,storoides of N orth ~erica this family 
is made to include Amblyrhiza, a not well-known fossil genus 
found on some of the islands of the West Indies. 
As already remarked above, Max Weber regards 'these genera 
as , belonging ,to the family Castoridre. Until recently authors 
have referred the ' family to the superfamily Hystricomorpha 
(Hystricoidea). This was done because the angular proces's 
arises on the outer side of the alveolus of the incisor, as in the 
porcupines. The relationship of the Castoroides with the 
beavers is, however, so close that it cannot well be far removed 
from the latter. At the same time it possesses so many peculiari-
ties that the retention of a special family for it seems to be nec- , 
essary. 
Genus CASTOROIDES Foster. 
Form and proportions beaver-like: Cheek-teeth composed of 
plates (apparently flattened tubes) of enamel united by plates 
of cement; 'the upper premolars alld first two molars with three, 
the last molar with four of these enamel plates; the lower pre-
molar with four enamel plates, the molars with three. Upper and 
lower cheek-teeth in series that diverge strongly backward. 
Hinder part of nasal cavity divided into distinct passages, an 
,upper and a lower. 
, So far as known, this genus includes only a single species, the ' , 
one here described. The materials known from the early Pleisto-
cerie are, however, rather meager. t 
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Castoroides ohioensis Foster. 
The Giant Beaver. 
The first account of this r.emarkable animal, accompanied by a 
scientific name, was published by th'e geologist, J. W. Foster 
(Second Ann. Rep. Geol. Surv. Ohio; 1838, ,page 8~). , It had, 
however, been men'tioned, with fi~res, by S. R. Hlldreth in 
1.837 (Amer. Jour. Sci., XXXI, p. 80). These accounts were 
based on a somewhat damaged skull that had been discovered 
~ear Nashport, Muskingum' county, Ohio, i~ excavating a canal 
through a peat swamp. The bones found consisted of a radius, ' 
and upper incisor, and 'a lower jaw containing an incisor and 
the four cheek-teeth. Where these remains now are 1S not known 
to the present writer. 
SInce that time numerous specimens of the species have been 
found in the country from central New York to the Great Plains, 
and from Florida to Minnesota. Indeed, in the U. S. National 
Museum is a part of a femur which was brought by Mr. A. G. 
Maddren, of the U. S. Geological Survey, from Yukon Territory, 
nearly up to the A;rctic ocean. 
As to its continuance in time, it has been found in deposits 
that belong verY ,near the beginning of the Pleistocene, notably 
at Hay Springs, Nebraska; Christmas Lake, Oregon; and in the 
Aftonian deposits of Iowa. In all these cases it has been found 
associated with camels and horses. On the other hand numerous 
specimens have been found in deposits that overlie the last, or 
Wisconsin, drift, notably in Indiana, Ohio, and Michigan. 'This , 
shows that the animal was present in our region long after the 
glacial ice had disappeared. 
. . The finest specimen of this species that has been discovered is 
that now in the museum of Earlham College, at Richmond, In-
diana. It was found in a swamp in the eastern part of Ran-
dolph county, ' Indiana. It was reported 'by the finders to have 
been discovered "standing in the natural position." This in-
dividual was one not quite grown and many of the bones lack • 
their epiphyses. " 
This specimen f~rnished a more or less damaged skull, but 
the lower jaw was complete. The fourth to the seventh cer-
vicals are missing. The second, third, fifth, and sixth dorsals are 
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gone. However, Moore (Amer. Geologist, Vol. XII, p. 68) 
stated that nineteen were present. Of the caudals there are 
. fourteen present. It was believed byM;oore that the hinder-
most one of these fourteen was about the sev~nteenth from the 
sacrum. Of the sternum, the presternum a:q.d the xiphisternum 
were recovered. The- essential parts of both scapulre are ·pres-
ent. The fore feet are wholly missing and ~re known' from' no 
other specimen. The pelvis lacks only the symphysis of the 
ischia and a part of the pubic region. The hinder feet laek all 
the ankle bones except both astragali and one calcaneum.:, All ' 
the metatarsals are present except one. The right hind foot 
lacks all the digital bones, except the first phalange of the third 
digit; the left,foot, all the digital bones, except the first phalange 
of the third digit, and the :first and second of the fourth digit. 
This skeleton was described 'and figured by Joseph Moore in 
the ..t\.IDerican Geologist, Vol. xD:, pp. 68-74,with plate xii, and 
in the Journal of the Oincinnat:i Society of Natural History, 
Vol. XIII, pp. 138-169, with 25 text-figiires. . ' . 
The bones of the specimen were mounted; and in so doing the 
parts missing were restored in some material ~hich was made 
to imitate as nearly as possible the color ang, appearance of 'the 
bone. It is, therefore, sometimes difficult to determine whether a 
particular part is real or artificial. This is' a practice that ought 
to be discouraged. . 
The line-drawing shown here:- (Fig. 138) has been made by 
R. W. Weber after a photograph of this specimen at Earlham 
,Oollege . . However, where any part is missing in this skeleton, 
but is known from other specimens, it is represented in the 
usual way. Where any part is missing from this and all other 
'specimens, as in the case of the hinder cervical vertebrre, some 
of the caudals, the fore feet and parts of the hinder feet, the 
' bones are traced only in outline. Such parts were restored 
. after the beaver. 
The total length of this specimen, measured along the curve 
of the back, as mounted, is seven feet and two inches (2185 mm.). 
This is abou.t twice ,the length of a good-sized. beaver; but the 
specinien was probably not quite full-grown. Another individual 
whose limb bones are larger, is preserved in the Field Museum 
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of Natural History, Chicago. It is probable that large individ-
uals attained a length of eight or nine feet; that is, more than 
twice the length of the beaver, and therefore of more than 
eight times the bulk of the latter. 
Of the skull of the Earlham specimen -there are present the 
lower jaw, with all of its teeth; the maxillre, with all the grind-
ing teeth, except the ri,ght premolar and the last right molar; 
the premaxillre and their incisors; the vomer, the palatines and 
the right molar. The rear of the skull has, therefore, been re-
stored artificially. 
From the front of the premaxillre to the line joining'the hinder 
ends of .the last molars is 195 mm. Just in front of the malar 
bones, the width of the face is 77 mm., the height, 88 mm. Each 
nasal bone is 32 mm. wide. At the anterior molar tooth the 
width of the palate is onlyabout 10 mm. ; between the last molars, 
it is 36 mm. From the rear of the incisors to the front of the 
first grinding tooth, the distance is 105 mm. The great upper 
incisors are complete. When the nasal bones are lifted, these 
teeth are seen to extend backward somewhat behind the suture 
between the maxillre and, the premaxillre. In a specimen belong-
ing to the American Museum of Natural History these incisors 
are seen to extend backward to the premolar. Each forms about 
a semicircle and, in the Earlham specimen, is about 210 mm. 
long, measured along the outer curve. On this curve .they pro-
ject forward an,d downwar'd 100 mm. beyond the premaxillre. 
The width of each is 24 mm.; the fore-and-aft thickness, 23 mm. 
The length of the row of grinding teeth, measured on the. 
worn faces, is 66 mm. (PI. LXXII, fig. 7). 
The following are the dimensions of these teeth on the' worn 
faces: 
MEASUREMENTS OF UPPER PREMOLARS AND MOLARS, 
Earlham Specimen Logansport, Indiana, 
Teeth Specimen 
Length I Width Length I Width 
Pm,', 
-------- -- ----------- -------
15 mm. 17 mm. 17 mm. 16 mm. 
M.', 
- ------------ ---- - ------------
12 mm. 16 mm. 16 mm. 14 mm. 
M.2, 
--------- - --------------------
13 mm. 14 mm. 15 mm. 13 mm. 
M.', 
----------- -------------------
16 mm. 12.5mm. 18 mm. 14 mm. 
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In the lower jaw the distance from the front of the symphysis 
to the line joining the angular processes is 161 mm.; to the 
angle itself, 185 mm. From the outside of one condyle to the 
other is 110 mm.; from one angular process to the other, 210 mm. 
The length of the symphysis along its upper face is 65 mm. 
At the anterior grinding tooth the height is 70 mm. The dis-
tance between the anterior 'grinding teeth is 18 mm.; between 
the last molars, 50 mm. The length of the grinding surfaces of 
the whole row is 70 mm. (PI. LXXII, fig. 8). The individual 
teeth measure as follows: 
, MEASUREMENTS OF LOWER PREMOLAR AND MOLARS. 
________________ T~~-e-th-. ------------------:--L-en-g-th--:l Width 
" . Pm .• , _____________________________________ ~------~------ 20 mm. 
M.
,
. _.:___________________________________________________ 17 mm. 
M.,. ____ _________________________________________________ 17 mm. 
M .• , . _________ ~ __________________________________________ .:. 16 mm. 
12 mm. 
13 mm. 
13 mm. · 
12 mm. 
At its insertion each incisor has a width, from side to side, of 
20 mm.; fore and aft, . of 21 mm. It projects beyond the bone 
140 mm. In a specimen in the . American Museum of Natural 
History it is seen that the lower incisor extends backward to 
about 30 mm. behind the hindermost molar 'and outside of the 
deep pit on the outer face of the ascending ramus and below the 
condyle . . The cheek-teeth are placed above the incisor, as in 
the beaver; not outside of it as they are in Dolichotis, a hys-
tricomorph. 
The atlas has a maximum width of 93 mm. and a height of 45 
mm. The. articular surfac~s for the skull indicate a motion in 
this joint mostly up and down. The axis is consolidated with 
the third cervical. The same is true in a beaver at hand. The 
aXIs is nearly as wide as the atlas. Moore described with some 
detail the dorsal vertebrre. He concluded that the length and 
. bulk of the spinal column from the atlas to the sacrum did not 
differ much from that of an adult man, being twenty-one inches 
in length. However, a few pieces were missing and most 'of the 
epiphyses are gone also. , In general the structure of the verte-
brre is the same as in the beaver. There were doubtless, as in 
• 
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~ost other rodents, nineteen. dorsals. and lumbars taken together. 
Moor~ conclude9. ·that there were probably fourteen thoracic 
ve.rtebrre and five lumbars. O~ the upper side of the c~ntrum ~f 
each of the dorso-lumhars .is a pair of large for,amina ope~ing 
i:nto the spongy interior, ~s in the beaver and some other, rodents. 
The lateral extent of the first .thoracic vertebra is given as fully 
75 mm., but the width of the ~ucceeding ones di.mip.ishes to the 
fifth. 'rhe last, ()r, fifth, lumbl!r ha~ stro:t;lg lateral processes 
and measures, .from tb,e ,tip of one process to the other, 92, mm., 
. In the beaver there are four sacralvertebrre, and Moore stated 
that that is the number in the mounted specimen of Cas-toroides. 
rrhe lateral winglike p.rocesses of the hinder ones are broken off. 
Moore gave as the length of -the four sacrals 5.12 inches. So 
far as the writer cORld see, there are in the sacrum, as mounted, 
only three sacrals, and the free 'vertebra behind the th~rd one 
was included by Moore among the caudals. In the beaver there 
are four sacrals. The three sacr~ls seen in the Earlham speci-
men measure 90 mm. in length. As already stated, there are 
preserved fourteen Caudal vertebrre. Moore concluded that 
there were originally about twenty-three or twenty-five, as in 
the beaver. These v:ertebrre resemble much those of the beaver, 
but the centra of the proXimal ones and the transverse process 
are not so long, thus indicating that the tail was not so broad. 
For · ·example, the· greatest width of the seventh in a be:;tver is 
60 mm.; in the Castoroides, 75 mm.; whereas, its proportional 
width would be at least 120 mm. Of ribs, Moore stated that there 
. were eight right and twelve left. As the writer determined, 
there are in the mounted animal eleven on the right side, eight 
on the. left. It is possible that parts of ribs joined to artifiCial 
materials were overlooked. The parts of the sternum present 
resemble the corresponding parts in the beaver. The acromion 
process of the scapula is relatively shorter than in the beaver, 
and is compressed parallel with the axis of the body. . In the 
beaver it is compressed on the opposite plane. 
The humerus has a length of 135 mm., measured from the 
head to the inner side of the ar:ticulation for the ulna. Moore's 
statemep.t, that the length is .7.36 inches, is probably a typo-
graphical error for 5.36 inches. ~he width across the upper end 
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is 55 mm.; across the lower end, 53 mm. On the outer border 
just above the middle is a strong deltoid process. The ulna had, 
in life, a length of a bout 230 mm. On the outer face, as in' tRe 
beaver, there is a deep longitudinal fossa, extending from the 
, sigmoid cavity to beyond the middle of the length of the bone. 
The radius, with its missing distal epiphysis, probably meas-
ured '170 mm. The length of the radius to that of the humerus, 
is 1.33; in tJ?e beaver, 1.,06. This appears to be due to the fact 
that the humerus of Castoroides is, relatively to the length of , 
the animal, shorter than in the beaver. The anterior extrem- . 
,ities of the ilia are restored. The original length of the pelvis 
was close to 300 mm., extending over ~he l~ngth of ten vertebrre; , 
whereas, in the beaver, it extends , along eight of them; neverthe-
less, it appears to be relatively shorter than that of the beaver. 
The structure of the innominate bones resembled closely that of 
the corresponding bones of the beaver. 
The femur, with its restored distal epiphysis, measures 165 
mm. from the head to the distal articular surface; from the 
greater tubersoity, 185 mm. The bone is broad and fiat, being 
70 mm. wide across the condyles at the lower end. Where the 
shaft is narrowes't, about the middle, the diameter, from side to 
side, is 30 mm.; the thickness, 22 mm. It will be seen that the 
shaft is much more constricted at the middle than it is in the 
beaver. Likewise, the third trochanter is placed above the mid-
dIe; riot at the middle,' as it is in the beaver. IIi proportion to 
the length of the animal, the femur is shorter in Castoroides than 
in the beaver. 
, , The greatest l~ngth of the tibia is 253 mm. ; the breadth of the 
upper end, 56 mm. It greatly resembles the same bone in the 
beaver. The fibula had a length originally of 218 mm. ,It is 
coossified with the tibia for a distance of about 95 min., differing 
thus from that of the beaver. 
So far as the bones of the hind~r foot are preseryed, they 
in.dicate a foot .greatly like that of the beaver, but shorter rel-
atively to the length of the body. A skeleton of a beaver before 
the writ.er, has its length'contained in that of the mounted speci-
~en of Castoroides just two and one-eighths times. Its :whole 
leg measures 360 mIll., omitting the cla~ phalange of the fourth 
" . 
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digit. ' The. leg of Castoroides, omiting the same phalange~ 
ought then to measure 763 mm. ;.it measures only 655 mm. The 
femur ought to measure 230 mm. ;it measures oIlIy 185 mm. The 
tibia ought to measure 285 mm.; it measures only 253 mm. 
The foot, omitting the unkn'own claw phalange, ought to meas-
ur~, from the heel, 308 mm.; it measures only 252 mm. It 
appears evident, therefore, that the giant beaver was a relatively 
shorter legged animal th;an.the·be,aver. 
The skull of Castoroides (PI. LXXI, fig. 1) resembles rathe.r 
closely that of the beaver, .but there_.are jmportant differences, 
as has been pointed out by others. In the beaver' the width 
of the rear of ,the skull is almost exact~y one-half its length; 
in the giant beaver the width is about a tenth more than half ,the 
length.- In the beaver the auditory bullre are much inflated .and 
the basioccipital is deeply hollowed out on the underside; in the 
, giant beaver the bullre are little inflated and the basioccipital has 
two shallow excavations separated by a rq.edian ridge. In the 
beaver, the jugal bone extends forward to the lachrymal, while . 
the malar process of the maxilla reaches backward a little be-
hind the orbit; in Castoroides, the jugal reaches forward to the 
middle of the orbit only, while the malar process passes about 
as far backward as in the beaver, indeed, somewhat farther. 
In the beaver the infraorbital foramen opens out at the premax-
illo-ma,xillary suture in front of a sharp descending ridge; in 
Castoroides, the ridge is not developed and the opening is at a 
considerable distance behind the suture. In the beaver the nar-
rowest part of the brain-case is in front of the middle of the 
skull and between the orbits; in the giant beaver it is at the 
middle of the length ~f the skull and just behind the orbits. 
The 'most remarkable structure in the giant beaver is found 
in the hinder part of the nasal chamber, which is divided into 
two distinct passages, an upper and lower. There is nothing of . 
the kind·,found in the beaver. The distance between the roof 
of the nasal chamber (formed by the basisphenoid and presphen-
oid) and its ' floor (formed by the palatines and maxillre) had be-
come much higher than in the beaver, relatively twice as high, 
being 40 mm. or more. In . the specimen already mentioned as 
belonging to the American Museum of Natural History, this ' 
.,. 
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chamber is 60 mm. high. Just in front of the basioooipital is 
found the hind~r opening of the superi<?r nasal passage, rising-
in the basisphenoid and passing forward. The hinder part of 
this passage opens, in the skeleton) into the brain-cavity; but 
was, in life, shut off from it by membranes. The hinder opening 
of the lower passage is at a lower'level and further forward. " 
All the changes in this r~gion appear to ha;ve. come about in 
order to accommodate the development of the ,large internal 
pterygoid muscles, which had their insertion in the pterygoid 
fossre. In the beaver these fossre 'are small; ~n Castoroides they 
are enormous, each having a transverse diameter of 23 mm., a 
horizontal extent of 67 mm., and a height of 32 mm. In front, the 
hinder end of the palatine has, been deeply excavated; behind, 
the pterygoid fossa had encroached on the anterior end 'of the 
auditory bulla. The external pterygoid plate grew outward and 
backward, so as to lie outside of the hinder end of the alisphenoid 
canal and the foramen lacerum anterius. To accommodate f'ur-
,ther the internal pterygoid muscle, the internal pterygoid plate 
was pushed inward, so that it came into contact with the one of 
the opposite side at the middle of the height of these plates: In 
this way the hinder end of the nasal passage was constricted 
into a upper and lower passage. 
As already stated, the upper passage ,opens out posteriorly 
by a horizontal, pear-shaped opening just in front of 'the basioc-
cipital. The length of the opening is about 25 mm.; its width 
is 16 mm. The hinder opening of the lower passage is triangular 
in shape and is bounded in .front by the palatine; at the sides 
by the internal pterygoid ,plates. Behind the molar teeth the 
partition between the two passages is, as already stated, formed 
by the inner pterygoid plates. In, front of these the p~rtition 
is continued by ascending plates from the right and leftpalatine 
bones, which plates touch at the .mid-plane. 8till in front of 
these, the right and left maxillre come into contact and continue 
the partition somewhat further forward. The upper ends of the 
molars of ~e opposite sides are here very clos~ together. Flii~l­
ly jus't behind the bases of the upper incisors the inner ' walls ' 
of the maxillre part and permit the ·lower canal to rise into the 
, nasal ' ca~ity, meeting here 'the anterior end of the upper cartal. 
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SQme further description Qf the teeth Qf this species Qught to. 
, ,be presented. The incisQrs are relatively much larger than in 
the beaver. In a specimen of the latter the teeth prQject a 
distance beyQnd the bone equal' to' hardly twenty-five Qne~hl1n~ 
dredths the length Qf the skull; in a fine specimen Qf CastQr-
Qides, frQm- LQgansPQrt, Indiana, the eXPQsed part equals fQrty- , 
two. one-hundredths the length Qf the skull; while in a speci-
men frQm Lenawee cQunty, Michigan, the eXPQsed part is a 
little mQre than Qne-half ,the length Qf the skulL In ihe mQunted 
specimen at Earlham, the whQle length Qf the upper t~eth was 
~ abQut 210 mm.; in a Michigan specimen, abQut 250 ' mID. . 
The IQwer incisQrs are still IQnger. ThQse Qf the mQunted 
specimen at Earlham, are abQut 250 mm. IQng; anQther tQQth 
in that institutiQn, frQm Greenville, Ohio., is 280 mID. IQng; is 
sQmewhat spirally curved, and is twisted Qn its axis. It fQrms 
nearly a semicicle. 
CQntrary' 'to. what is usual in rQdents, the enamel is nQt CQn-
fined to. the frQnt Qf the tQQth, but passes arQund Qn its whQle 
Quter face. It is missm.g Qn the hinder and inner faces. The 
eI!,amel is IQngrtudinally grQQved, with the grQQves separated 
by sharp - ridges. The enamel may be mQre Qr less wrinkled 
transversely, so. as to. make that part Qf the tQQth rQugh. The 
median, o.r inner, face Qf each incisQr is fiat, but these faces are 
nQt applied to. each Qther, except at their distal ends. AIQng 
mQst Qf the eXPQsed ]:lQrtiQns they are separated by prQcesses 
Qf the prema_xillre. The hinder fac,e Qf the \ incisQr is slightly CQn-
, cave frQm side to. side. At the extremity they are nQt WQrn Qff 
like the slQping face Qf a chisel, as they are in the beaver, but in 
such a way that there is fQ:r:med between and in tlle two. a deep 
pit which r eceived the tips Qf the IQwer incisQrs. 
The upper incisQrs differ frQm the ' IQw~r Qnes in beingmQre 
strQngly curved, in having the side-tQ-side diameter greater, and 
in having the transverse sectiQn apprQ~ately squar:e, instead 
Qf being triangular with Qne side CQnve:4. In a ' specimen in the 
,American Museum Qf Natural History the fQre-and-aft diameter 
Qf the upper incisQr is 24 mm., the side-tQ-side,diameter, 25 mID. 
These diame'ters in t~e IQwer inciSQr are respectively 25 mm., 
30 ' 
,', 
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and 22 mm. In the upper incisoT the outer face rounds gradual-
ly into the front and the hinder faces and the greatest side-to-side 
diameter is at the middle of .the section. In the lower incisor 
the , outer face passes abruptly into the hinder face and very 
gradually i:o:to the front face; while the grea.test side-to-side . 
, diameter is at the Tear of the section . . 
The .grinding teeth of the upper jaw all lean strongly back-
ward; those of the lower jaw, . forward; just as in the beaver. 
Each one is composed of a number of flatiened tubes of enamel 
which contain each its portion of dentin,e; while the several 
tubes of enamel are held toge,ther by a mass of cement. The 
structure of these teeth, resembles closely that found in ' the 
capybaTa; an4 is on a small scale like · that of the elephants. In 
the thre~ anterior upper teeth there are three of the enamel 
tubes; in the last molar there are four. These cross the tooth 
obliquely, passing from ' the outside inward , and slightly back-
ward. In the lower jaw the anterior tooth, the premolar, has 
four plates, or tubes;. the others, three each. The plates are 
directed here, also, inward and rather strongly backward. 
The angular process of the loweT jaw (PI. LXXI, fig. 2) is 
strongly developed. The inner face is deeply excavated, and 
there is a wide s..helf of hone along the lower border. Thus a 
large .surface was furnished for the insertion of the powerful 
internal pterygoid muscle. 
As to the habits of this animal we can make inferences. We 
may be sure that it was a vigorous gnawer of hara substances. 
It was almost certainly an aquatic animal. ' PrObably like the 
beaver it was addicted to cutting down trees and, building dams 
. and lodges fOJ; the protection of itself and young from cold and 
enemies. The tail was less expanded than that of the beaver, 
and possibly the animal had not .learned yet to slap the water 
wHh it for sport and as a signal of danger.. It may have been 
mOTe flexible; and therefore a better aid in swimming than that 
of the beaver. 
Remains of Castoroides have been found in Iowa in only 
.two plaMs, Turin, Monona county, and near Oakland, ·in Poi; . 
tawattamie county. However, there is, in the collection at the I . 
State University of Iowa, an upper molar ' which was found 
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in the Collins gravel pit at Sioux Falls, South Dakota, which is 
very near the northwestern corner of Iowa. This was sec"Q.red 
by Prof. 'E. Shimek and is mentioned' by him (Bull. GeoI. Soc. 
" Amer., Vol. XXIII, p. 143) as having been discovered in the 
lower sand and gravel of the pit. It belongs certainly to the 
Aftonian. 
In the collection just mentioned, with the catalog number 279, 
is " a piece of a water-worn incisor of Castoroides which was 
found in the Elliott pit, ~t Turin. It is mentioned by Ciilvin ~n 
his last paper on the Aftonian fauna (Bull. Geol. SOG. " Amer., 
. Vol. XXII, p. 215). ' This, too, is to be regarded as belonging 
to the Aftonian. 
Figures 1-3" of plate LXXII present three views of an upper 
left incisor which, as Calvin stated, was pumped up in sand from 
Nishnab()tna river, near Oakland. Calvin (op. cit., pI. xxiii, figs. 
1,2) r'egarqed this as a lower incisor, but the curvature is greater 
than in the lower incisors " of other specimens and exactly that 
of the upper ones; and the transverse section (PI. LXXII, fig. 
4) is that of an upper incisor. Figure 5 of th~ plate cited pre-
sents a section of the lef.t upper incisor of a skull in the Ameri-
can Museum of Natural History, No. 10383, found in Berrien 
county, Michigan, while figure 6 represents a section of the 
left lower incisor. It will be observed that the section of the 
Oakland tooth is identical with the section of the upper tooth 
of the Michigan specimen. The cutting extremity of this tooth 
is broken off, but a part of the bevelled surface remains. The 
length of the fragment, measured along the outer curve, is about 
170 mm,; the fore-and-aft diameter is 26 mm. There is nothing 
" about the tooth which indicates a species different from the 
well-known Castoroides ohioensis. 
Calvin expressed the opinion that the discovery of thi~ tooth 
furnished fairly clear evidence that the sand of the Nishnabotna 
valley belongs to " the Aftonian. Inasmuch, however. as this 
species is found likewise in old filled-up ponds and lakes which 
lie on the Wisconsin drift, the eVidence must be regarded as in-
conclusive. 
So far as the write~ is aware, no other species of Rodentia 
belonging to the suborder Simplicidentata have been found 
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fossil in Iowa. Near-by, however, in the crevices of the lead-
bearing rocks near , Galena, Illinois, there were found, about 
1860 or previously (Leidy, Geol. Surv. Wis., Vol. 1,1862, p. ~24), 
some remains of the ground-hog (Marmota monax) , the pocket-
gopher (Geomys bursarius) , and of an undetermined speCIes 
of meadow mouse (Microtus). ' 
Suborder 'DUPLICIDENTATA. 
(Lagomorpha. ) 
A pair of small incisors arising against the hinder face of 
the upper pair of functional ones. The incisors invested on all 
sides with enamel. Always three upper and two lower premo-
lars. Upper molars two ,or three; lower molars' three. Pre-
molars resembling the molars in structure and both sets fur-
nished with transverse ridges of enamel on grinding ~urface; 
roots with persistent pulps. Rows of upper cheek-teeth more 
widely separated than are the lower rows. Fibula coossified 
with the tibia and articulating with the calcaneum. 
Under this suborder are included two families, the Ochoton-
idre (Lagomyidre) and the Leporidre. The first named family 
comprises the picas, or tailless hares, small animals which live 
in holes among the rocks, in mountainous countries of south-
eastern Europe and northern Asia, and in our Rocky Mountains. 
In the early Pleistocene, species of these animals inhabited the 
mountains of the eastern United States. ' No remains of these 
hav~ yet been found in Iowa. The Leporidre include , the ra b-
bits and hares. They are distributed ,over most of the world, 
being without representatives onlY' in Madagascar, Australia, 
and most oceanic islands. I 
The Leporidre may be defined as follows: 
Family Leporidae. 
The Hares and Rabbits: 
Duplicidentata of usually light build, having the limbs fitted 
for rapid 'funning. Clavicle incomplete. Skull laterally com-, 
pressed. TQoth formula: i. t, c . .g., pm. t, m. i. Last upper 
molar much reduced and rarely wanting. 
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. This group differs from the Ochotonidre in being usually of . 
, larger size and in having longer limbs and a long~r taiL The 
Ochotonidre have a broader skull, and the tooth formula is 
i. 1. c . .g., pm. ~ : ;, m. t. In the rabbits the hindermost upper 
molar, m.s, is much smaller than the others; in the Ochotonidre 
this molar is wholly wanting ' and the hindermost on.e present, 
m.2, is about as large as the one in front of it. 
There are at present recognized as existing, in North Ameri-
ca, four distinct 'genera of this family: Lepus, Sylvilagus, Bra-
chylagus, and Romerolagus. The last named genus contains a 
~ single species, which occupies a very restricted tract on ' the 
northwestern slopes of p'opocatepetl and Iztaccihuatl in Mexico. 
Brachylagus likewise contams a single species which is found 
in parts of Nevada, Oregon, and Idaho. , The genus Lepus in-
cludes, in North America, fourteen distinct species, ' these oc-
cupying the whole of the continent, except parts of Mexico and 
that part of the United States lying between the Gulf of Mexico 
and <the Great Lakes, and between the Atlantic on the east and 
western .Wisconsin and western Arkansas. However, in this ex- . 
cepted area 'Lepus americanus ranges southward from New 
York to Virginia in , the Allegheny mountains. In the existing 
fauna Lepus campestris, the white-tailed jack rabbit, extends its 
range eastward in Iowa to Mississippi river. No species of the 
genus has yet been found fossil in Iowa. 
The genus Sylvilagus likewise includes fourteen North Amer-
ican species. These inhabit the continent as far north as the 
Great Lakes and the British American boundary. Remains of 
a single species, the cottontail rabbit (Sylvilagus floridanus) 
have been reported from the Pleistocene of Iowa. 
For details regarding the osteology and the classification of 
the Duplicidentata, with numerous illustrations, the reader is 
referred to a paper by Marcus W. Lyon o~ the Classification of' 
the Hares and their allies, in Vol. XLV of 'the Smithsonian 
Miseellaneous Collections, 1904. Another important paper is 
E. W. ~elson's The Rabbits of North America, being No. 29 of 
~orth Ainerican Fauna, published by the DepartIp.ent of Agri-
culture. The student of the Rodentia cannot overlook the great 
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work of TychoTullberg, Ueber das System del' N agefiere, pub-
lished in 1899. ' 
Leporidre have existed in North .America from the time of the 
Lower Miocene. A species referred to Lepus has been described 
, from the John Day Miocene of Oregon. Cope recognized Lepus 
sylvaticus (Sylvilagus floridanus) from Port Kennedy cave in 
Pennsylvania. The same species is credited to ,the fauna of the ' 
Conard fissure in Arkansas, by ,Barnum Brown; besides ' Lepus 
american'lts and another called Lepus giganteu.s. 
A few bri~f remarks maybe made on the , osteo~ogy of the rab-
bits and hares, since remains of some of these animals are likely' 
at any time to be found in Iowa. The following suggestion may 
easily be acted upon': In case any bones are found which may be ' 
suspected to be those of a rabbit, it will not be difficult, any-
where in Iowa, to secure a skeleton of one of the existing species 
and to compare the fossil bones with this skeleton. 
The form and str:ucture of the skull and teeth of a rabbit may 
be seen from the figures here presented (PI. LXXIII, figs. 1-4). 
A word may be said regarding the teeth. The upper, incisors , 
have a groove running along the anterior face; the lower in-
cisors have no such groove. The cheek-teeth 'are high, the upper 
ones rising in the maxillary bone to a line above the lower level 
. of the orbit; the lower ' ones descending nearly to the lower 
border of the jaw. N one have true roots. The upper teeth ,(PI. 
LXXIII, figs. 3, 5) are much broader than long on the ,grinding 
, face-. This face of each tooth is traversed by three ridges of 
enamel, except in the front premolar and the last molar. The 
median ridge is produced by a fold of the enamel which begins 
at the inner end of the tooth and extends nearly to the outer 
end. The lower cheek-teeth (plate cited, figs. 4, 6) are about 
as long as broad and the grinding surface is crossed by three 
ridges of enamel. The outer face of these lower teeth has a 
deep ,groove and, two ridges; except in the case of the anterior 
one, 'where 'are two grooves and three ridges. The vertebral 
colunm has twenty-six vertebrre in front of the sacrum. The 
cervicals have short 'or no spines. The spines of the thoracic 
ri,bs are mostly.1ong and slender; those of the lumbar are shomer 
and broader from front to rear. ' At each side of the front of 
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. the ·neural spiD,e~' .of the lumbars is a high and broad process. 
The lateral processes of the lumbars are long, fiat, and widened 
at the outer ends. In the sacrum one broad vertebra joins the 
ilia. The tail is short, slender, and sometimes nearly missing. 
The scapula is tri.angular, relatively narrow above, and espe-
cially slender just above the glenoid cavity. The spine' is high, 
the acromion process is . separated frqm the body of the pone 
by a deep notqh, and at.·its lower end it -'has a slender process 
which is turned directly backward.' The bones of ,the fore leg 
are slender. The ulna .and n~dius are considerably bent ,and be~ 
~ yond the middle of the length are bo;und immovably 'together. 
. . 
,There are ,five digits, the first shqrt, and all ending in claws. 
The innominate bones are elongated. . The Wa ar,e somewhat 
scoop-shaped in front. The pubic and ischiadic parts 0,£ the 
right and left bones join along the midline below. The bones of 
the hind leg are long and slepder: On the outer side 9f the up-
per end of the femur there is a third trochanter. The fibula is 
extremely slender. In its lower half it is coossified with the 
tibia; but it continues Qn until it articulates. with the heel-bone: 
The hinder foot is long and has four slender digits,. the inner, 
or first, one not being developed. 
Genus SYLVILAGUS Gray. 
The Cottontails, and the Brush, Swamp, and Wood Rabbits. 
Lepo.ridre in which the interparietal bone remains distinct in 
adult age; the supraorbital process narrow and leaving a small 
or no not"ch between it and the frontal. Anterior cervical ver-
'tebrre shortened, the length at the midline of the neural arch of 
the third being about equal to the width of the arch; the third, 
fourth, and :fifth ribs not especially Wider than the others; radius 
and ulna having about the same diameter at ,the middle of their 
, length . 
. The above characters distinguish the species of Sylvilagus 
from those of Lepus. In the latter genus the interparietal bone 
becomes fused with , the supraoccipital; the , supraorbital pro-
cesses are broader and stand OJlt further from the fr9ntals; the 
~~.r~cal vertebrre are narrower, the neural arch of the third be-
ing much longer than wide' and the third, fourth, and :fifth ribs 
being much broader than the othe.rs. 
t . 
• 
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Sylvilagus floridanus (Allen). 
The Oottontail Rabbit. 
About the year 1888 a well was sunken on the border of the 
,town of Yarmouth, in Des Moin~s county. The section found 
here has already been givEm on ,page 27. Soon after the well 
was completed it was visited by Prof. Frank Leverett. ,In the 
materials of the dump he found some bones which were identi-
fied by Dr. Fredrick W. True, of the National Museum, as 
having belonged to two species, one of wb}.ch is the rabbit, then 
called Lepus sylvaticus, but now known as Sylvilagus flori-
danus; the other specie~, the common skunk, 'Mephitis mephitica. 
This discovery ;was firf?t announced by W J McGee (Eleventh 
Ann. Rep. U. S. Geol. Surv., 1891, p. 495). The matter is dis-
cussed by Leverett in his report on the Illinoian drift-sheet 
(Monogr. XXXVIII, pp. 42, 124). The bones were found in a 
bed of peat, the thickness of which is fifteen feet. This' is over- . 
lain by thirty-f6ur feet of later deposits. The peat belongs to 
the Yarmouth stage of the Pleistocene. . 
The parts which belonged to the skeleton of the rabbit were 
a portion of the pelvis and the upper .part of the femur. These 
bones ought to be in the National Museum, but the writer has 
not yet been able to find them; henee no further comparisons and 
descriptions can be made of them. Inasmuch as this species-is 
recorded from the state, it may be well to give some measure-
ments of the more important parts of the skeleton, in the hop'e . 
th~t additional materials' may come to light: These measur~~ 
ments are taken from a specimen in the National Museum, No. 
49624. On plate LXXIII, figs. 1-4, are shown iIlustratio~s' of 
the skull of the same specimen. , The animal was collected in 
Monroe ' county, New York, and belongs ' to the form now known 
as Sylvilagus floridanus mearnsi. The same subspecies ' ranges 
. west to central Kans·as and north to central Minnesota. 
Figures 5 and 6 of the. plate cited, take~ fro~ Lyon's work, 
me~tio~ed 'above,: present views of the grinding surfaces of the 
premolars and m'olars of the right side of both jaws. It will be 
observeq that there exist import~nt differences ~etween them~ 
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In these figures the premolars are at the upper ends of the rows 
of teeth. 
In· a second column ate given the corresponding measure-
ments of Lepus campestris, the white-t~iled jack-rabbit, a much 
larger species than the, cottontail and one which is reported 
to range over nearly the whole. of Iowa. 
MEASUREMENTS OF SKELETONS . OF RABBITS. 
." 
!SYlvilagUs j Lepus . 
fioridanus. eampestris 
Skull- . 
lLength from lower border of the foramen magnum 
to front of premaxillae (basilar length) _______ _ 62 mIn. 80 mIn. 
Distance from foramen magnum to rear of hard palate _____ ~ ____________________________________ _ 31 mIn. 43 mIn. 
Distance from line joining front of anterior pre· 
molars to front of premaxillae _______________ _ 25 mIn. 29 mIn. Width across mastoid processes ___________________ _ 26 mIn. 30 mIn. Width across zygomatic arches ___________________ _ 35 mIn. 47 mIn. Interorbital width _______________________________ .: __ 19 mIn. 33 mIn. 
Width of palate between first true molars _________ _ 13 mm. 15 mm. 
lLength of upper tooth row, at base ________ -' ______ _ 15 mIn. 20 mIn. lLength of grinding surface of m. 1 __________________ _ 2.5mIn. 3 mIn. 
Width of grinding surface of m.' _________________ _ 5 mIn. 6.5mIn. 
57 mm. 72 mIn. 
~rom rear. of condyle to front of symphysis of lower Jaw _____________________________________ _ 
lLength of lower tooth row, at base _________________ _ 14 mIn. 20 mIn. JJength of grinding surface of m.l _________________ _ 3 mIn. 4 mIn. Width of grinding surface of m.l-: ______________ ,, ___ _ 3 mIn. 4 mIn. 
Vertebrae and ribs-
lLen)!'th of the seven cervicals _____________________ _ 52 mIn. 76 mIn . lLength of the twelve thoracic vertebrae ___________ _ 
. 93 mm. 135 mm. lLength of the seven lumbar vertebrae _____________ _ 105 mIn. 137 mIn. Width of the first sacral ___________________________ _ 24 mm. 37 mm. Width of the fourth rib ___________________________ _ 4 mm. 9 mIn. 
Anterior limb-
lLength of scapula parallel with the spine _________ _ 57 mIn . 80 mIn. Width of the upper end _-' _________________________ _ . 32 mIn. 50 mIn. Greatest length of the humerus ___________________ _ 65 mm. 102 mIn. 
Fore-and-aft diameter at middle of length _______ _ 5 mm. 8 mm. 
Side-to-side diameter at middle of length _________ _ 3.5mIn. 6 mm. 
Total length of ulna, in straight line ______________ _ 75 mm . 123 mrri. 
• Total length of radius, in straight line:. ____________ _ 64 mIn. 105 mIn. 
Posterior limb and arch-
. Total length of innominate' bone ________ ____________ 70 mm. 93 mm. 
Width of pelvis at upper borders of acetabula ____ 30 mIn. 48 mIn. 
Greatest lengt)1 of femur, i!1 ' straifht line __________ 83 mm. 122 mIn. 
Fore-and-aft dIameter at mIddle 0 length __________ 5 mIn. 7 mIn. Side-to-side diameter at middle. of length __________ 7 mIn. 10 mm. lLength of the tibia ________________________________ ~ 97 mm. 140 mIn. 
Fore-and-aft diameter of tibia at middle of length 5 mIn. 8 mm. 
Side-to-side diameter of consolidated tibia and fib-
ula at middle of length _..: ________________________ 7 mm. 8 mIn. 
I 
.... 
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Order Ferae. 
(Carnivora) . 
The Flesh-eating Mammals. 
Mammals which, in nearly all cases, subsist on animal food; 
' teeth usually , fitted for seizing and dividing such nutriment; 
canine teeth greatly developed. The feet" each with four or five 
digits; these ending in claws. Clavicle missing or rudime'ntary. 
First di,git not opposable to the others. ' Lower jaw working 
by a hingelike movement. , 
To this order there are' assigned th~ee. suborders, viz: ; the f 
wholly extinct group, the Creodonta; the Fissipedi~, and the 
Pinnipedia. N one of the first-named suborder is known to have 
existed later than the Miocene, and hence need not be consid-
ered here. ,The Pinnipedia include the seals ' and the walruses, 
a~d did not exist in Iowa during the ' Pleistocene. The Fis-
sipedia are represented in the Aftonian of Iowa by a very few 
species. ' 
SUiborder FISSIPEDIA. 
The Bears, Hyenas, Dogs, Cats, etc. 
Carnivora having the first digit on all the feet shorter than 
the others; incisors, with rare exceptions, j ; canines large;, the 
fourth premolar of upper jaw and the first molar of lower 
forming a special cutting tooth, the sectorial; hinder tooth 
adapted for crushing and grinding. 
The Fissipedia are represented in the' known Pleistoc~ne 
fauna of Iowa by species belonging to three families. These 
are the U rsidre (bears), the Mustelidre (weasels and skunks), and 
. the Canidre (dogs and wolves). In other parts of the country a 
variety of 'species of Felidre (cats) have been found; and an ex-
tinct species of raccoon, belonging to the Procyonidre, was de-
scribed many years ago from Galena, lllinois. 
Family Ursidae. ' 
. The Bears. 
'Clumsily-built carnivores with plantigrade feet; digits, ' five 
in ' all the feet. Tooth formula, i. i, c. t, pm. t: m. i; anterior 
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three premolars likely to have been shed early in life; sectorial 
teeth (pm.4 and :ill.1 ) much less differentiated than in the dogs. 
Molars with rather flat and much tuberculated crowns. Po·st-
orbital part of skull longer than the remainder. Humerus with 
a foramen on the inner side of the distal end. 
The bears have today a wide distribution, being found in 
Europe, Asia, northern Africa, North America and South 
America. In the latter continent there is found only a single 
species. In time they may be traced back to the Middle Miocene 
in northern Africa and to the upper Miocene in Europe. None 
are known to have existed in America before the , beginning, of 
the Pleistocene. They probably reached the continent from 
Asia, over some land connection in the region of Bering Str·ait. 
Many of the bears are omnivorous in their habits, and a few 
seem to live mostly on vegetable food. 
Two genera belonging to this family are known from the 
Pleistocene of North America, Ursus and Arctodus. The first is 
represented in Iowa; the latter, not. 
Genus URSUS Linn. 
Bears with the three anterior premolars small and often want-
ing; first premolar close to the canine. Upper 'and lower sec-
torials smaller than the succeeding, molars. · Crowns of molar's 
broad, flat and tuberculated. All the feet with, five well-devel-
oped digits, armed with large, compressed claws. 
Of this genus three species have been found fossil in the 
United States, viz.: Ursus americanus, U. procerus, and U. 
amplidens. Ursus procerus Miller is known from a single skull 
found near Hamilton, Ohio. U. 'amp lid ens was found at Natchez 
asso~iated with Megalonyx, Mylodon, Ereptodon, Equus com-
plicat~(,s, Odoaoileus virginianus, Mammut and Ursus ameri-
canus. Possibly the age of this assemblage is Aftonian; but 
no't improbably they lived abo~t the time of the ~angamon. 
. , 
U rsus americanus Pallas. 
The Brown Bear of the Eastern United States. 
Remains which have ' been referred to this spedes have been 
found in various localities. As just mentioned, Leidy recognized 
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it among bones sent from Natchez, Mississippi, and Cope identi-
fied it on remains found in the Port Kennedy cave, . in eastern 
Pennsylvania. Barnum Brown reported finding it, or a V'ery 
clo~ely related species, in the Conard fissure, in northern :Ar-
kansas. Calvi.n (Bull. Geol. Soc. AIrier:, Vol. -XXII, 'p. 209, pI. 
xviii) described and figured the right ramus of a lower jaw of 
a bear which had been found in the Cox gravel pit, at Missouri 
Valley, Harrison · county. As elsewhere expressed, the present 
writer believes that the ~bundant vertebrate remains which 
have been brought to light in the Port K~nnedy cave belong to 
the early Pleistocene, probably to the Aftonian stage; while the 
fauna of the Cona~d fissure is later, representing probably the 
Illinoian glacial stage. That bears existed in this country early 
in the Pleistocene is now confirmed by Calvin's discovery. 
It is not at all improba'ble that, in case we were in possession 
of complete materials, these early bears would prove to be 
specifi:cally distinct from U rsus american1fJS; yet they muS/t 
have been, at most, not far removed from it. 
The jaw found at Missouri Valley (PI. LXXIII, fig. 7) be-
longed to an old individual. The teeth remaining in the jaw 
are much worn. There are present the canine, the last pr~­
molar and the first molar. The second and third molars had 
. . 
fallen out after the death of the animal, possibly after the ex-
humation of the specimen, and we can determine their size only 
from the sockets. 
The following measurements have been made on this jaw. ,For 
comparison, corresponding measurements have been made on 
tw~ jaws in the National Museum. 
MEASUREMENTS OF BEARS' SKULLS. 
Dimensions Determined Fossil 
No. 3798 No. 37128 
National . National 
Museum Museum 
From front of jaw to rear of condyle ______ 194 mm. ' 190 mm. 195 mm. 
Length of symphysis ________________________ 60 mm. 60 mm. 66 mm. 
Diameter of base of canine, fore and aft, at bone _.:.__________________ __ _______________ 24 mm. 21 mm. 17 mm. 
Diameter of base of canine, side to side, at bone ___ ~_________________________________ ,13 mm. 12.3mm. 11.3mm. 
FOSSIL BEAR FROM IOWA 
MEASUREMENTS OF BEARS' SKULLS-Concluded . 
DimElnsions 'Determined 
Pril .• , length _______________________________ _ 
Pm .• , width ____________________ .: ___________ _ 
M.I, length _________________________________ _ 
M. I , width at rear ___________________________ _ M .• , length of socket _______________________ _ 
M.
s
, length of socket _______________________ _ 
Length of the tooth row, last two from sockets _________________________________ _ 
Length of the diastema ___________________ -: 
}!eight of jaw at diastema _______________ _ 
Height of jaw, at m.l _______________________ _ 
Height of coronoid process _______________ _ 
Fossil 
11 mm. 
6.5mID. 
20 mID. 
10.5mm. 
19.5mm. 
16 mID. 
67 mm. 
29 mm. 
38 mID. 
46 mm. 
' 82 mm. 
. No. 3798 
National 
Museum 
9 mm. 
5.1mm. 
20 mm. 
-10 mID. 
' 20 mm. 
13 mm. 
67 mID. 
37 mID. 
40 ,mID. 
<13 mID. 
87 mID. 
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No. 37128 
National 
Museum 
9 mm. 
5 mID. 
20 mID. 
10 'mm. 
19 mm. 
16 mm. 
67 mID. 
38 mm. 
41 mm. 
46 mm. 
88 mm. 
The thickness of the fossil jaw below the molars, is 18. mm. 
Iil No. 3798 this thickness is 17 mm.; in No. 37128, it is 17 mm. 
The outer face' of the' jaw of 'the fossil is sligp.tly convex up and 
down, while the inner face is sli,ghtly concave. The distance 
from the front of the canine ,to --the front of pm'4 is 55 mm., 
about the same as in specimens of U. 'americanus. 
It will be observed that the canine of the fossil jaw is much 
larger than that of the specimens with which it is compared. No 
specimen has been found which has this tooth quite so large as 
that of the fossil. When the measurement is made along the 
lower border of the enamel, the fossil shows a fore-and-aft 
diameter of 19 mm.; , No. 3798, a diameter of 17 mm.; and No. 
37128, a diameter of 11 mm. The diastema of the fossil is un-
usually short; but this is due partly to the great size of the 
, canIne. 
Inasmuch as bones and teeth of beius are likely at any time to 
be discovered in Iowa, the writer furnishes here some measure-
ments of the teeth and the more important bones of the skeleton, 
for the purpose of aiding in their identification. The following 
measurements of the skull and teeth are taken on No. 3798 of 
the National Museum. ' This skull was obtained i.n the state of 
New York: 
) . 
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MEASUREMENTS OF BEARS' SKELETONS. 
Ursus 
Measurements america· 
nus 
Skull: 
From front of premaxillae to rear of occipital condyle _____ _ 283 mm.· 
F;rom front of premaxillae to lower border of foramen mag· num _______ . _____________________________________________ ..: ___ _ 261 mm. 
From front of premaxillae to rear of occipital cresL _________ _ 301 mm. 
From front of premaxillae to front of nasals ____________ ~ __ _ 63 mm. 
From tips of nasals to line joining tips of postorbital pr.o, 
cesses ------------~--------------------------------------~-- 93 mm. From front of premaxillae to line · joining postorbital pro· 
cesses ------------------------------------------------------ 154 mD}, From line joining tips of postorbital processes t~ rear of 
sagittal crest ________________ : _________ ~-----:-----.------~- 178 mm, Breadth of snout across bases of canines ___________________ .. 68 mm . . 
Least breadth of snout behind canines __ :. ___________ .-------- 60 mm. Breadth at upper border of lachrymals _____________________ _ 66 min. 
Breadth across postorbital processes ___________ .--------------- 97 mm. Width across mastoid processes _____ ~ _________________________ _ 148 mm. Width across zygomatic arches __________________ .:. __________ _ 185 mm. Breadth of palate between first molars _' ________________ ..:. ___ _ 43 mm. 
Breadth of palate between hinder ends of last molars _______ _ 44 mm. 
Width across palatine bones at front of palatine notch _____ _ 40 mm. Width of palatine notch between the· pterygoids _____________ _ 21 mm. 
Greatest depth of palatine notch between the. pterygoids ___ _ 24 mm. Depth of snout at midline at front of m.
' 
_____________________ _ 58 mm. Depth of skull at midline between auditory bullae __________ _ 75 mm . 
. Length of palate from front of premaxillae to line joining 
the hinder ends of m.' _______________________________________ _ 121 mm. 
Distance from front of premaxillae to front of palatine notch Width across occipital condyles ______________ ~ _______________ _ 144 mm. 60 mm . 
. Width of each occipital condyle _____________________________ _ 16 mm. Width of the mastoid process _________________________________ _ 
Length of the lower' jaw from front to line )oining the rear 
of the condyles ___________ :... _______________________________ _ 
32 mm. 
183 mm. Outside of one condyle to that of ·the other ____________ .,._~ __ _ 
Height of coronoid process from bottom of angle ___________ _ 
Length of symppysis, lower face _.: ___________________________ _ 
155 mm. 
81 mm. 
60 mm. 
Teeth: . Length of base of ·canine __________ ._..: ________________________ _ 22 mm. Breauth of base of canine .:. __________________________________ _ 
J,ength ·of pm.' ______________________________ ~ ______________ ---- 15 mm. 13 mm. Breadth of pm.' _______________________________________________ _ 9 mm. Length of m,' _________________________________________________ _ 18 mm. VVidth of m.
' 
__________________ ~ _______________________ • _______ _ 13 mm. T,ength of m.' ____________ ~ ____________________________________ _ 27 mm. J3readth of m,' ________________________________________________ _ 14 mm. 
The skull of the bear diffe.rs . from that of the dog and the 
wolf in its .greater size, its relatively greater breadth, the more 
advanced position of the front of the orbits, the shorter and · 
thicker snout, the smaller premolars, and the very small, instead 
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of very large, sedorials. In the wolf and dog the hard palate 
ends at the rear of the last molar; in the bea'r it extends an inch 
behind the molar. The bear has only two upper molars; the 
'Yolf and the dog, three. 
The following measurements of ~he limb bones, are taken from 
a specimen in the National Museum. The epiphyses had not yet 
united with the shaft of many of the bones, and the animal may 
have lacked a little of having its full size: 
Scapula. length parallel with the spine ____________________________ 168 mIn. 
Scapula, width of upper end ____________________________________ ~- ,127 mIn. 
Humerus, total length ____________________________________________ 250 mIn. 
Humerus, from head to distal end ________________________________ 250 mIn. 
Humerus, fore-and-aft diameter at middle of shaft________________ 37 mIn. 
Humerus, transverse diameter at middle of shafL_________________ 23 'mIn. Radius, length ______________________________________________________ 218 mm. 
Radius, diameter at middle of shaft ______________________________ 20 mIn. Ulna, totallengtb __________________________________________________ 255 mID. 
Ulna, diameter at middle of shaft ________________________________ 23 mIn. 
Pelvis, length from front ' of ilium to rear of ischium ________________________ _ 
Pelvis. width at acetabula _________________________ ~-------------- __________ _ 
Pelvis, width near end Of ischia ----______ .: _________ :. _______________________ .:. 
Femur, length from head to inside of lower end____________________ 292' mIn. 
Femur, diameter at middle of shaft _________________ ~____________ 25 mIn. 
Femur, length from top of great trocbanter to lower end__________ 282 mm. Tibia, total length _.: ___________________ .... _________________ ..:________ 227 mm. 
Tibia. fore-and-aft diameter at middle of shaft __________________ 21 mID. 
Fibula, total length ------------------------------__________________ 200 mIn. 
Fibula, diameter at middle of shaft -------------__________________ 7 mIn. 
Family Mustelidae. 
The Otters, Badgers, Skunks, Weasels, Etc. 
Oarnivora with reduced dentition, the tooth formula being 
Li . c. t, pm. :=!, m.tt· The sectorial upper premolar and the sec-
toriallower molar well differentiated from the succeeding tooth. 
Body usually elongated and the limbs short. 
The Mustelidre are widely distributed over the world,· hut they 
are missing from Australia. In Europe they date fromtlie 
Upper ;Eocene; in America, from the Oligocene. In the Pleisto-
cene, they became abundant. 
This family is divided into 'three subfamilies, the Lutrinre 
(land-otters and sea-otters), the Melinre (the skunks, badgers, 
etc.), and the Mustelinre (t.he-martens, minks, and weasels) . Of 
the first and the last subfamilies no remains have yet been re-
ported 'from Iowa. 'rhe Melinre are represented by one skunk. 
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Subfamily ~IELINAE. · 
I The Skunks and Badgers. 
L;i.mbs are more eloI).gated than in the otters and weasels; the 
feet longer. Upper sectorial triangular and usually smallet 
than the very broad molar present. Lower sectorial elongated, 
with large basin-like heel. 
Genus ~IEPHITIS·. Geoffroy and Cuvier. 
Heavily built mustelids with tooth formula i. t , c. L pm. t, m.t. 
The upper sectorial considerably smaller than the molar. Heel 
of the lower sectorial nearly as long as the rest of the tooth. 
Palate ending behind nearly on a line with the hinder borders 
ol the molars. Postorbital processes small or nearly wanting. 
Auditory bullm little infiate"d . 
. The skunks of this genus inhabit the greater part of North 6 
America. Nine spe'cies are now recognized. The genus was 
revised ·in 1901 by ·ArthurH. Howell, of the Biological Survey 
(N. Amer. Fauna, No. 20, pp'. 1-62, with pIs. i-viii), the name ' 
Chincha being adopted. Gerrit S. Miller (Bull. 79, U. S. Nat . .. 
Mus., pp. 107-111) gives a list of the existing species. 
From the Pleistocene there have been described seven species 
of this genus, most of them from the Port Kennedy cave, in 
Pennsylvania. From the Conard fissure in northern Arkansas, ' 
Barnum Brown described a form which he regarded as belong-
ing to Mephitis mephitis. This species has been reported from 
the Port Kennedy cave, but Cope, in his last paper on the fauna 
of th,is cave did not recognize M. mephitis, 'but three other 
species, all extinct. True identified M. mephitis from Yarmouth 
peat, at Yarmouth, Iowa. At the time the latter identification 
. was made, a bout 1881, the name Mephitis mephitis, or mephitica, 
was applied to. most of the skunks of the eastern half of. North ' 
America. ' It is now restricted to a large skunk which inhabits 
the ' region extending from Nova Scotia into the province of 
Keewatin. The skunk of this genus which now inhabits Iowa is 
known as Mephitis mesomelas. While probably all or most of ' 
the recognized existing species are tenable, they are closely re-
lated. and their skulls vary comparatively little, and thei~ skele· 
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tons probably still less. It WOul<4 thereiore; p:robahly be im-
possible to determine, with ceriaiItty, to wbHili QI the known-
species a single bone, as a scapula, belonged. It is, i~pos­
sible that, when ,the Yarmouth peat was being deposited, the 
boreal species Mephitis mephitica inhabited Iowa; buf until ma-
terials have been found which are more characteristic, we cannot 
I 
speak with assurance. ' The remains found at Yarmouth are, 
therefore, referred only provisionally to. M. mephitis. 
It is quite c('lrtain_ that , species of this genus existed in this 
country at all 'times during the ' Pleistocene. 
Mephitis mephitis (Schreber). 
The circumstances attending the discovery of remains oj 
skunk in the Yarmouth peat, at Yarmouth, Iowa, have already 
been mentioned in the discussion of Sylvilagus floridamus, on 
page 472. A single bone, a scapula, was found; and thIS, Dr. 
F. W. True 'was not able to distin~rrom, that of the most 
t~bundant skunk known' to in.hahit-the-easteln·~o:ftlie.1fmte.d. 
States. This, at that time, went under the name given above, 
but it is now known as Mephitis.. p~ r.i?mlf"is; not' known to 
extend, at present, so far west as Iowa. 
Inasmuch as fossil remains of skunks are liable to be found 
in the state of Iowa, it is thought proper to furnish illustrations 
(PI. LXXIV, figs. 1-6) and measurements of the skull and meas-
urements of some of the bones of the skeleton. There are :first 
given measurements of the skull of a specimen of Mephitis 
mephitis, No. 110191, of the, Biological Survey, found at Oxford 
House, Keewatin; in the second column those of the skull of 
:Mephit~ putida, No. 3523, of the National 'Museum, secured in 
Massachusetts: 
MEASUREMENTS OF THE SRULLS OF lrrEPHITIS M,E.l!.HlTis AND 
MEPHITIS PUTIDA. ,~" . 
Mephitis. MepIIifis-
lI).ephi'tilf' 'putida' 
Blolqgic~r . ~a~$~l 
$Ul've'Y.' MuB'euttl 
From front , of premaxillae to rear of COndYle--'---.:----I ' 79 ~~" I 70mm. 
From front of premaxillae to lower border of foramen 
magnuIP ____________________________________________ 71 mm. 65 mm. 
111 
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~d ,{rd£rf~~~SUR~t.1~!.~}·~ ~F .SKULLS-Concluded . . 
; .. Mephitis' 
.. :meph~~is 
. Biological 
Survey 
From front 'of permaxillae to rear of occipital crest, 
at midline _____ ... ___ ~ __________________________ :.._____ 80· rom. 
F~om front of premaxillae, to.line jOining postorbital , . 
. processes ___________________________________________ 38 mm . 
From front of pret;naxillae to rear of .hard palate____ 32 rom. 
From rea.r Of hard palate to foramen magnum________ 39 mm. 
. Width across occipital condyles __ _____________________ 21 rom. 
Width across mastoid region . _________ :-______________ 44 rom. 
Greatest width across the zygomatic arcnes _:._~_ ~____ 48 mm: ' 
Width of snout at roots of canines . ____ ~ ________ :.____ 21 rom. 
Least width just behind postorbital processcs ________ 20 rom. 
Width across postorbital processes ____________________ 23.5rom. 
Interorbital width _______________ _________________ __ ____ 23 rom. 
Width dcross hinder molars, at base; 'in fronL_________ 31.5rom. Width across the incisors ____ ___________________ ~______ 11.5rom. 
Canine, height __________________________________________ 11 mm. 
Canine, length of base ____________ :.____________________ 5 rom. 
Canine.· width of base __________ _' _______________ -------- 3.5mm. 
Fourth premolar, length ________________________________ 8 rom. 
Fourth premolar, width ~.!-_ JJ.r .. L______ __________________ 6 rom. 
First molar, length ______ .!.~ _______ ,,____________________ 7.5rom. 
First mular, width __________ ~__________________________ 9.5mm. 
From front of symphysis to middle of line joining con-dyles ________________________________________________ 50 mm. 
Height of coronoid process ______ :. ______ .:______________ 27 min. 
Width across the condyles______________________________ 44 mm. 
Length 01 first molar (sectorial) _________________ ,, ___ 1l.5rom. 
Width of sectorial at rear _____ . _______________________ - 5 rom. 
. Mephitis 
putida 
National 
Museum 
n rom. 
. 35 rom. 
29 rom. 
36 mm . 
17 rom. 
38 DlJll. 
43 mm. 
19 rom. 
19.5rom. 
22 rom. 
20.5nim. 
27 rom. 
10 mm. 
12 rom. 
4 rom. 
3 rom. 
7.5rom. 
5 rom. 
6:5rom . . 
8 mm. 
45 rom. 
22 mm. 
42 mm. 
9.5rom. 
3.5rom. 
The following measurements have been taken from a skeleton 
of Mephitis putida;No. 3523, of the National Museum, the skull 
of which is measured above: 
~EASUREMENTS. 
Scapula, length ·parallel with ·spine ------~------l,----~----.:.-------- 40 mm. Scapula. width near upper end __________________ ,. ________ ~ __ ~:_-- -- 23 ~m; 
Humerus, total length ____________________________________________ 54 rom. 
I;Iurnel'Us. width of upper end through head ,and greater tuberosity 13 rom. 
Humerus. fore-and·aft diameter at middle of length___________ ___ 7 rom. 
Humerus. side-to-side diameter at middle of length______________ 4.5rom. 
~~e'~s;::=gTeJtte:st:width at lower end ____________________________ 17 rom. 
UlIla, total length ________________________________________________ 54 rom. 
Ulna, greatest ,aiameter at middle of length ______________________ 4.5rom. 
" . 
Radius .. total length ______________________________________________ __ 43 mm. 
Radius: greatest · diameter at middle of · length ________________ ~~:. _ . 4 . rom. 
Radius,. greatest diameter at· distal' end ---_________ ~ _ _' __________ ~ __ . 9~5!llm. 
i 
i I, 
I 
I 
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Pelvis, greatest length _...; ______________ ~ __________________________ _ 60 mm. 
Pelvis, from front of ilium to center of acetabulum ____________ ~ _ 37 mm. Pelvis, width at front of ilia _______ __ _____________________ .: ______ _ 37 mm .. 
Pelvis, width across upper borders of acetabula _______ ' __________ _ 30 mm. 
Pelvis, width at rear of ischia _________________________________ ~ __ 41 mm. 
Femur, total length ________________________ ~ _____________________ _ 61 mm. 
Femur, width through head and greater trochanter _______________ _ 16 mm. 
Femur, fore·and·aft diameter at middle of length _______________ _ 5 mm. 
Femur, side·to-side diameter at middle of length _________________ _ 5,5mm. 
Femur, greatest width across condyles ___________________________ _ 14 mm. 
Tibia, total length _______________________________________________ _ 64 mm. Tibia, 'diameter of upper end _____________________________________ _ 15 mm. 
Tibia, fore·and·aft diameter at middle of length _________________ _ 5 mm. 
Tibia, side·to·side diameter at middle of length ____________________ ' 4 mm. Tibia, transverse diameter of lower end _________________________ _ 10 mm. 
Fibula, total length _______________________________________________ _ 55 mm. Fibula, diameter at middle of length ___________________________ _ 2.5mm. 
The measurements of the skulls show that Mephitis mephitis 
is a larger animal than Mephitis pvutida. There are other char-
acters, derived,from the living animals, which distinguish them. 
Family Canidae. 
The Dogs, Wolves, and Foxes. 
Skull rather elongated. Auditory bullre inflated. ' Tooth for-
mula, i.}, c. t; pm. ! , m. 2;a '; the secto'rial tooth strongly devel-
oped, the lower one with cutting edge, the upper one trans-
versely extended. Second upper molar broader than long: Pre-
molars increasing in size backward. Feet digitigrade; first 
,digit of fore foot very short; that of the hind foot vestigial. 
Digits with moderate, non-retractible claws. 
The Canidre have at , present a .vorld-wide distribution. In 
Europe numerous genera existed from the, time of the Upper 
Eocene; and in North America from the time of the Oligocene. 
Several species existed in our country during the Pleistocene, 
but it is not certain that any.remains have been fomid within the 
limits of Iowa. In.1862 (Geol. Surv. Wis., p. '422) Wyman an-
nounced wolf remains from Blue M'Ounds, Wisconsin, which he 
could not distinguish from the common gray wolf, Canis occi-
dentalis. He also stated that the skull and most of the teeth of 
another wolf, not distinguishable fr(:}m the coyote. , Canis la-
trans, had been discovered in the leadi±lgion;"but:th'i:l state 'is' hot 
G 
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mentioned. , It was from the collections made by James Hall, 
and may have been found by him in Iowa. during,.hjs .occupancy 
. _of :the office of State Geologist of Tow4t. 
Genus CANIS Linn . 
. Dogs Jiaving the tooth formula, i.-g-, c. t, pm. t, m.l. Upper 
molars, wider than long, -the hindermost one ' small. Last two 
molars of lower jaw small . . 'Heel of lower sectorial usually nar-
rower than the body of the tooth. Postorbital processes inflated 
and their upper surfaces turned stron~ly ..do:wnwarill-Dward the' 
extremity of the processes. ' . _ ' . 
.-In the foxes th_e,h_eel of ,ibgJower _.s~ctoTial is lls wide as, Dr 
'wider -than, the body of the tooth; the post~rbital process has on 
its upper surface a depression, and this surface is not . turned 
. downward toward the tip of the process. 
Canis r/tississippiensis .Allen. 
ln 1876 J. A. Allen (Amer. Jour. Sci., ser. 3, Vol. XI, p. ' 49) 
de.scribed some remains of a "%lf whlch had been found by 
Prof. J. D. Whitney in the lead region of Iowa, Wisconsin, and 
Illinois .. Allen stated that the remains consisted of a femur, two 
tibia, and,' a humerus; and he iIfdicates. that .possibly these 
form~d a part ~f the ,wolf bon.es which were mentioned by Je!-
fries Wyman as la.aving .oeen found :at_Blue .Mounds, Wisconsin. 
:'Allen 'Corrcilided, howE:)ver, that "WytiJ,an could not, b.ecause of 
the .l -ar~e,~e of. the hones, nave~-rnj,.stak~n ,them Jor · those of .the 
gray ~ol:f. Accordingly he descri~ed thew under the name given ' 
above. It was not knoWn in which of the three states named the 
bones were found . 
.. Ailenmentio'ns the fact that L~idy had, in 1854, described a 
large wolf -from apart of an upper jaw which had be~n found 
along 9hio river, in IndlaRl1, 'and '10 which is now applied,the 
name Can~-s dirus . Inasmuch .B:S ,there. were no teeth or jaws 
~ssociated ,with the lead Iegi:J?n specimen,Allen concluded that 
i~ -would be, better to describe it und~r a pr.ovisional na;me, await-
ing the discovery of additional materials. - . 
~' ,ln.iszs.I4lli1.Y ilescr.ib~d ,:;a ~Jowe.r j~~ ~f a 'wolf which had been 
found .in "~-6m'a, ~ -!his ll.,e r.e.f~n~d, to the sa;rp.e species as 
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that base4 on the Indiana jaw: ' Recently J. C. Merriam (Mem. 
Univ. Calif., Vol. ' I; No.2,' pp. '217-246, pIs: xxv-xXviii, text 
figs. 1-26) lias referred' to . Canis dirt£s a large part of ' the abun-
dant wolf materials which had been ,reco~ered from the asphalt 
beds of Rancho La Brea, near Los Angeles, California; ' Mer-
riam's materials include practically every pa'rt, of the ,skeleton. 
In ,m~kinK his identification, he had ,the ,b~ne:fi,t .,o.~ t4e.type speci-, 
men of CanisAirus, which belongs to the collection of the Phila-
~elphia: Academy; 
The following table is in part copied froin Allen's paper; but 
there is ' added a third column in which are given corresponding 
measurements ' taken from bones of Canis dirus, secured at 
Rancho La 'Brea. ' These measurements have been sent the 
writer by Doctor Merriam. Those of the humerus are taken 
on No. 19793 of the collection at the University of California; 
,those of the femur from No. ,19795; those of the tibia from No. 
'1979.4. 
'COMPARATIYE MEASUREMENTS OF BONES OF CANIS MISSISSIPPIENSIS, 
CANIS LUPUS AND ' CANIS DIRUS. 
Humeru<;;. total length ________________ .!. ____ _ 
Humerus, greatest diameter of proximal end 
Humerus, antero·posterior diameter <if head 
Humerus, greatest transverse diameter of 
Oanis 
mississip' 
piensis 
Canis 
lupus 
Canis 
dirus 
223 mm. 176 mm. 240 mm. 
55 mm. 44 mm. 62 mm. 
41 mm. 34 mm. 47:7mm. 
distal end, ______ ~ _____________________ :.__ I 46 mm; , 37 mm. 55.1mm. 
Humerus, greatest antero·posterior diameter 
of inner condyle ________________________ 36 mm. 28 mm. 43 mm. 
Humerus; least circumference of shaft ______ 62 mm. 50 ' mm. 70.3mm. 
Femur, total length ----____________________ ___________ 193 mm. 260 mm. 
Femur, transverse diameter of axis and great trochanter ______________ ~ ______________ .: ______ .:.: ~:._ ' 45 mm. 66.4mm. 
Femur, transverse diameter of condyles____ 43 mm. 35 ' mm:. ' 54.5mm. 
Femur, antero·posterior diameter '. of inner 
condyles , __________ ~ ____ ~ __ ~_~_"'_"'_______ 53 IBm. 39' mm; 62.7mm. 
Femur,- least circumference . ________ ~_______ 56:rmn.. 44' mm: 73.4mm. 
Femur"length of corresponding parts (distal 
two-thirdsl. __________ ~------:..---------:---
1 Tibia. total length ________ ~_.: __ .:. .:; _________ _ 
Tibia, transverse diameter of head ____ .: ___ :.. 
Tibia, ,anteTo·posterior 'diameter at most 
elevated point of the tuberosity _______ _ 
Tibia, transverse diameter of distal end ___ _ 
Tibia, 'least circumference of shaft _________ _ 
155 mm. 123 mm. __________ _ 
, 
244 ' mm. ,200', :IDm. 237 rom. 
'47·I ·mm. '38\ mm;" " 55.4mm. 
. 43 mm. 
31 mm. 
52mm. 
3-5\ mm:, 57.3mm . 
2Lmm. _3.S.2mm. 
43 mm. 69.6mm. , 
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'. A comparison of the lengths of the humerus and tibia of the 
two individuals 'measured above shows that Allen's species 'Yas 
taller by one-:fift~ than tlie gray wolf. Allen regarded his spe-
cies as being nearly twice the size of the gray wolf, but in that he 
evidently referred to the relative bulks; and this would be true . 
. ' Allen's Canis mississippiensishas sometimes been referred to 
Leidy's C. dirus. It would, therefore, be interesting if a direct 
comparison of the bones described by Allen could be made with 
the corresponding bones of Canis dinlrs; but this at present, if? 
,impracticable. Merriam has, in his paper on Canis dirus, given 
only the lengths of the humerus, femur, and tibia. He has, how-
ever, as already stated, very 'obligingly sent the writer measure-
ments corresponding to those taken by Allen; and these are pre-
sented in the third column ' 6Lthe table given above. These 
measurements show that the wolf from. the lead region had 
nearly the same size as that which lived at La Brea, the humerus 
measured by Merriam being slightly longer, the tibia slightly , 
,shorter. As indicated by such measurements as could be taken 
on both femora, that of the La Brea wolf was much larger. It 
must not be forgotten, however, that all three bones measured 
. belonged to as many individuals. . . 
PERCENTAGES OF DIAMETERS AND LEAST CIRCUMFERENCES OF 
HUMERI AND TIBL.2E TO THEIR LENGTHS. 
Canis 
Dimensions Considered mississip-
piensis 
Humerus. totallengtb. taken as' unity_______ 100 
Greatest diameter of proximal end____ 22.9 
Antero-posterior diameter of head______ 19.9 
Greatest transverse diameter of distal end _____ ~______________________________ 22.9 
Greatest antero-posterior diameter of 
inner condyle ____ ~------------------- 17:0 
Least circumference of sha~L___________ 29.0 
Tibia; totallengtb, taken as unity ___________ . 100 
Transverse diameter of head___________ 23.S 
Antero-posterior diameter at most ele-
vated point of tuberosity______________ 24.2 
Transverse diameter of distal end______ 16.1 
Least circumference of shaft __ · ___ __ __ '___ 28.9 
• 
Canis 
lupus 
100 
24.6 
18.3 
20.6 
16.1 
27.8 
100 
1!!.2 
17.6 
12.6 
21.3 
" 
Canis 
dirus 
100 
25 
18.9 
21 
15.9 
28.4 ' 
ioo 
19 
17-.5 
12 
21.5 
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It will be observed that the corresponding ratios found. ~n the 
last two colu~ns are ,remarkably close to each other, showing 
that these two animals, although of very different dimensions, 
were built much. alike., When we compare the corresponding 
I'~tios in the first and the ~econd columns we find that they are 
farther ~p'art . This is shown especially in the comparison~ ~f 
the tibire of the three species. Canis mississippiensis appears to 
have been an animal with relatively much heavier ' limbs than · 
either the li;;ing wblf (called aboveC. lUpus) or , C. dirus, as 
represented by the bones found at La Brea. ' 
As regards the geological age of Canis mississippierisis, noth-
ing can be ,affirmed; , The writer sees no good reason for believ-
. , 
" 
\ 
Fig, l39.Canis dirus. Skull and lower jaw seen from the side. x 1-3. From La 
Brea. California. 
ing that they antedate the close of the Wisconsin ,stage. Many 
of the other mammals which have been found in. the lead crevices 
belong to extinct species, several of them t9 extinct genera. 
There have been discovered there, Mammut, Megalonyx, Platy-
gonus, Bison, Oervus, Odocoileus, Antilocapra, Oanis, Procyon, 
.... <lnomodon, Arctomys, Geomys, Sylvilagus arid Arvicola. Of 
, the .extinct genera it is certain that all were yet in existence after 
the disappearance of tihe Wisconsin ice-sheet; unless it. !be 
Anomodon, · about which we know practically nothing. As . to 
the bison found in the cr€vices, Allen stated that it was an ex-
tinct species ; b.ut he does not give his . reasons for his conclu-
sions. So far as the. writer knows there were found oniy limb 
bones, mostly broken; and Wyman stated that they were all of 
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the size of the same p~rts of the buffalo .and clos..elY 'l'~sembled -
them. Canis mississippiensis' m.ay, therefore; be post-Wisconsin 
in age. ' 
We cannot be certain regarding the age of the type of. Canis , 
dirus. It 'was found associated with Megalonjp; jejfersonii, a 
tapir, a horse, an Odocoileus which was supposed· to -be the 
Fig. 140 Fig. 141 
Figs. HO. 141. Cants diru8. x 1-3. 
140. Skull seen fr.om above. 
141. Palatall view of skull. 
Virgi,p.ia de'E)r, and a Bison supposed -to be , the ' yet . existing , ' 
'buffalo, 'bp,t 'w:hich' .is 'more ,probably an eXtinct species. ' No 
horse ' or tapir. re~ains have yet, so far 'as the writer can learn, 
been found in post-Wisconsin' deposits; and, 'it is therefore 'prob-
able that the ,wolf ~emains belong to pre-Wisconsin times. There 
appear',to qe no ';rea~lOns for believing that the animals mention~d 
In this paragraph, likewise ,those found , at Big Bone Lick, 
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Kentucky, are as old as the Aft~nian;' during which time lived 
numerous horf?es and camels. The writer is inclined to assign 
these-all to the Sangamon stage, that immediately following. the ' . 
Illinoian stage. The position of the bones iIi ~he deposits form~ 
ing' the banks of Ohio river seems· to confirm this conclusion. . 
. -
.A.s to the age of the California specimens which have been re-
ferred to Canis\ din('s, there can be no doubt that . they belong to 
the early p:leistoce~e. ' .' , 
.The question then arises: Did Canis dir:t~s continu~ to exist 
~ from the bf)ginning, or near the beginning, of the Pleistocene to 
its close¥ . 'The writer has so much doubt as to the probability 
of this that, fortified by the dif-
ferences which appear to exist be-
tween ' the bones of the California 
specim,el,ls and those of Allen's C. 
mississippiensis, he .prefers to re-
tain the name :just mentioned for 
the remains found in the lead 
reglOn. 
Inasmuch as skulls, teeth, and '-
other parts of the skeleton of wolves 
are likely to be found in Pleistocene 
deposits of Iowa, it is thought well 
to present'vi'ews (Figs. 139-142) of 
the ' skull of Canis dirus, as repre-
sented by a ' California specimen 
and to give . measurements of its 
skull and Of the teeth .. Furthermore, FIG. 142, Oanis cUru8. Lower jaw seen from above. x 1-3. 
to aid in distinguishing 'wolves of 
Ithe size of the gray . wolf from the larger ones, such as C. 
mississipiensis, and from the smaller ones, as the coyote, meas-
urements are given of various ' bones of a specimen of the gray 
wolf.' The latter measurements are placed in the second cobmm 
.of-the table 'of measurements of C. latrans, on page 493. The 
I") '( 
measurements here given of the skull of Canis occidentalis are 
taken from a ·skull coming from Texas. · . 
. . 
, , 
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MEASUR~MENTS ' OF . THE SKULLS ' OF OANIS DIRUS AND OEl OANIS' 
'oOOIDENTALIS. 
Canis 
, dirus 
Front of premaxillae to hinder end of occipital cresL. 300 mm. 
Front of premaxillae to hinder end of occipital condyles 260 mm. 
Width of skull across zygomatic arches ______ ___ _____ 170' mm. 
Width of skull at rear of pm.' __________________________ 100 mm. 
Width of skull at rear of pm! ______ ____________________ 53 mm. 
Width at interorbital spa'ce, leasL ______________ .:______ 62 mm. 
Width across , postorbital processes __________________ .:._ 85 mm. 
Width at constriction behind postorbital processes____ ,50 mm. 
Fore-and-aft diameter of orbit _____________________ ___ - 45 mm. 
Distance from m.' to front of articulation for lowel jaw _________________________________________________ 55 mm. 
Width of, po,stel'ior,_nares ' ______________ ,-_______________ 30 mm. 
Long diflme'ter of auditory bulla ______________________ 29 mm. 
Outside of ', one bulla to that of the other______________ 75 mm. 
Front of premaxillae to posterior nares ______________ 138 mm. 
, , 
Front of canine to rear ,of m.' _______________ -' _________ _ 123 mm. Canine, .diameter fore-and-aft ___ ___________ ~ _______ ___ _ 18 mm. Canine, width ___________ ~ ___ ______ ____________________ _ 13 mm. Pm " length ___________________________________________ _ 16 mm. Pm.', width ______ __ ____________________________________ _ 8 nun. Pm.', length ___ __ ___ .:. __________________________________ _ 19 mm. Pm. a, w-idth _______________ .o _________ ___________ ~ _______ _ 9 mm. Pm.'. length ___________________________________________ _ 32 mm. Pm,', width behind the claw _______________________ ~ ___ _ 13 mm. M.', length _____________________________________________ _ 19 mm. 
~:;: ' l~~t~ =========~====~==============================~ 
·M.', . width .:. ___________ ~ ___ ;_-----------------------------
25 mm. 
11 mm. 
16' mm. 
Lower jaw from front to rear of condyle ______ . ___ ____ _ 
Height of jaw between pm., and pm.a _________________ _ 
Height of jaw between m., I!-nd m .• ___ _______________ __ _ 
212 mm. 
33 mm. 
' 40 mm. 
Canine tooth, fore-and-l1ft diameter __ :.. ________________ _ 
Canine tootb.. ttansverse diameter _______ '-_____________ _ 18 mm. 13 mm. 
Pm.
" 
length ______________ ..:_____________________________ 6 mm. 
Pm,,> width '-___________________________________________ 5 mm. 
Pm." length ____________ ______ __ ____________ , ____________ ' 16' mm. 
Pm .• , width ___________________________________________ ,_ 7 mm. 
Pm .• , length ____________________________________________ ·16.5mm. 
Pm .• , width __________ ________________ _______________ .-- 8 mm: 
Pm .• , length ___________________________________________ ~ , 20 ' mm. 
Pm .• ,' width _____________________________ '_______________ 10 mm. 
M.
" 
length __________ .______ _________________ ~____________ 35 mm. ' 
M. , . width ,______________________________________________ 13 mm. 
M .•. length __________ . __________ ~..: ___________________ .:____ 13 mnl. M... widtlt _~~_~_________________________________________ 10 mm. 
M .•. length __________ . ..; ______________________________ ~____ .10 mm. 
M... width -, _______________________ :. ____ .:. _________ ..: ___ :..__ 15 mm. 
Canis 
occiden-
talis 
253 min. 
235 mm. 
128 mm; 
78 mm. 
44 mm. 
41 mm. 
54 mm·. 
43 mm. 
37 mm. 
50 mm'. 
21 mm. 
29 mm. 
65 mm. 
123 mrn. 
101 mm. 
15 mm. 
9 mm. 
15 mm. 
7 mm. 
16 mm. 
7 mm. 
25 mm. 
12 mm. 
16 mm. 
22 mm. 
,9 mm. 
13 mm. 
185 mm. 
26 mm. 
32 'mmr 
15 mm. 
10 mm. 
,6 mm. 
5 mm. 
14 mm. 
6.5mm. 
14.5mm. 
6.5mm. 
16 mm. 
9 .mm. 
29 mm. 
12 mm. 
12.5mm. 
9 mm. 
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': ' Canis latrans Say., 
The Coyote; . the' . Prairie Wolf . 
. In J " D. Whitney's report on the lead region already referred 
to, Wyman stated that in Professor James . Hall's . colie~tion 
t4ere were some wolf remi!,ins which he could not distinguish 
from the corresponding parts of the prairie wolf, Canis latrans. 
These' parts consisted of a portion .of the skull which, contained 
Marly the whole ' series of upper teeth, excepting 'the incisors, 
the first premolar on both sides, and the last molar' on the' right. 
Here again we are uncertain in ' which of the three states which 
share the lead region the skull was found; but the probability is 
that it was in Iowa. Where this skull now is~ if yet in existence, 
the writer does not know. 
, . The coyote belong~. among the smaller species of wo~ves. Its 
present rang~ is from northwestern Indiana to .Missouri and 
thence northwest to the Rocky mountains and Alberta. ,G.eologi-
c;ally the species appears to have existed since the ·early part of 
the Pleistocene, having been found in Ore,gonJ~,nd Nebraska in 
company with horses' and camels. However, tEe reference to this 
species of remains found: in Oregon may prove to b~ erroneous. 
, Should any bones be found which are suspected to belong to 
ri wolf, it would be well to compare them with the corresponding 
parts of the domestic dog. These may usually be obtained With-
, out: great difficulty. Should the relationships to the wolves be 
proved, recourse may be had to measurements. In order to 
make .this possible the following , measur~ments are fUrnlshed. 
~hose of the skull are taken from No. 12$93, of the National 
·Museum. ,For measurements of the skull of Cqnis oc'cidentalis, 
~se~ the ~econd col:umn ,ori page 490., 
.-: Plate LXXV offers views of the skull, lower jaw., and teeth, of 
·~this , species. · , The figure~ are · from a .skull in,· the National 
·Museum, whioh :was,· obtained At old ,Fort Kearney, Nebraska. 
. , 
.; • J,... ') , I: I .• ':' ~ , If ' f \ ~ • f '. * . 
. ;; . . ," 
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MEASUREMENTS OF THE SKULL OF TEE COYOTE. 
:fronLof premaxillae to end of occipital crest ___________________ _ 
Front of premaxillae to end of occipital condyles ________ ..: _____ .., __ _ Width of skull at ear-openings ___________________________________ _ 
Width of skuUI across zygomatic arches _______ ..: __ ________________ _ Width of sklUU at pm.· _____________________________________________ _ 
Width of skull at pm. l ___________________________________________ ~--
Width of skuUI at interorbital space, leasL ______________________ _ 
Width of skuUI across postorbital processes ___ ______________ ____ _ 
, Width of skull behind postorbital processes _____________________ _ 
Diameter of ' orbit, fore-aild-afL __________________________________ _ 
Distance from m.' to front of articulation for lower jaw _________ , Width of posterior nares ______________ · ___________________________ _ 
Long , diameter of auditory bulla ______ __ _________________________ _ 
Front of premaxillae to rear of hard palate __________________ ___ _ 
Front of canine to rear of m. ' ________________________ :.. ____________ _ 
Canine, upper, diameter, fore-and·afL ____________________________ _ 
Canine, upper, diameter, side·to·side _______________________________ _ 
Canine, lower, diameter, fore-and-aft _____________________________ _ 
Oanine, lower, diameter, side·to-side ___ ~ _________ ~ _~ ____________ · __ _ 
Pm.', length _____________ 11 mm. 
width __ _________ -:.,_. , ~ mm. 
Pm.· , length _____________ 12.5mm. 
width ________ .: __ ~':.. 4.4mm. 
Pm.', length __________ 20 mm. 
width. behind claw 7.5mm. 
M. 1, length ________ '_______ 13 mm. 
width ________________ 17 mm. 
P~ .• , length 
width 
;J?;m.s, length 
width 
Pm .•. length ____________ _ 
width ____________ _ 
M.l, lengtl\ ___ ~ -----------width ______________ _ 
190 mm. 
178 mm. 
55 mm. 
93 mm. 
58 mm. 
28 mm. 
30 mm. 
44 mm. 
32 mm. 
28 mm. 
28 mm. 
lEi mm. 
21 , mm. 
9~ IIlJD. 
89 mm. 
13inm. 
6.5mm. 
9 mm:. 
6 ' mm. 
11 mm. 
' 4 ,mm. 
.12 ,mm. 
5 mm. 
13 mm. 
6 mm. 
23 ·nun. 
S mm. 
M.', length _______________ 7 mm. M .• , length _____________ .__ 10 mm. 
width ________________ 11 mm. 
'- J 
width ___________ :.____ 6 mm. 
M.
s
, length ______________ _ I width ---.-- .:.---------- 4.:51nm. 3.3$. 
The ' following- measurements 'of-paris of,'the 'skeleton' 'are;, 
taken 'froID ' a specimen iIi. ~the NatioIial ·¥use.mn, 'No~ '101-1, the 
skull of which' had a ' length ,to thE,l condylE,ls, '0£-165 ,mm. '. There,': 
fore the skeleton , ~ay be slightly unde:r-si~ed. ill ·:the second 
column a'l'~ gj,ven 9oJ,'.resPQ:qq.ing measureJ;llE,lIl,ts of th.~ gray '}"olfl . 
Cani§ ocddentalis, i~ken ~rom l:!- speciJlleI\. captured at Fort 
Kea!rney, .- Nebra~ka~ ." I.t h ,as . th~ p,un1:!;ler ,6508 .in :the Nl:!-tional.. 
Museum. The length from the front of the premaxillre to the 
rear of the condyles is 241 mm., only 6 mm. greater tha,n · the--
skull measured 'on page 490. 
.1 
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MEASUREMENTS OF 'PARTS OF THE SKELETONS OF OANIS LA TRANS 
AND OF CANIS OCCIDENTALIS. 
Scapul~ ... 
Canis 
latrans 
Canis 
occiden-
talis 
Length. parallel with thespj)le---__ ______________ -- 105 mm. 174 D;lID •. 
• Breadth near the upper end ______________________ .:_ 52 mm. 90 mm. 
Breadth of the neck ______ ..:_ . ____ 17 mnr. 41 , mm. 
Humerus·-
'rota! length _______________________________________ _ 153 mm .. ' 212 mm. 
Greutest-length through the head and greater tuoerosity _______________________________________ _ 35· mm. , 51 mm 
Fore-a.nd:oaft diameter at middle of length _________ _ 11 mm. 22 mm. 
Side tIT-side diameter at middle of length _________ _ 9 mm. 16 mm. 
Greatest width at the distal end ________________ ---- 26 mm. 52 mm. 
Ulna- . . Ext:r.eIl'ler length. . ______________ . __ 185. rum. 241 mm. 
GJ:e.atest .... diame.ter at mi~ oi.lengt1L ____ _ 7 mm. 11.5mm. 
Radius:-
~xtreme length ____________________________________ _ 161 mm. 204 mm. Width of proximal end ____________________________ _ 15 mm. 23 mm. 
Greatest diameter at middle of length ____________ _ 10 mm. 16.5mm. 
Shm:t:e:s:t: diame.tex a.t middlec ot. lengtb __ _ 6' mm. 11.5mm. Grea:feSi'Width at ro'We'J:: end _______ ___ _ 19: IIIIIL- 31 mm: 
-
F~ 
-:W:&t~~. ________ _ 113 mm. 182 mm. 
Widtll!. ~~-nocfuu:s _'?-t aC'e:tabtIl~L ______ _ 
Greatest wi~~:ftmlt.. Qf 'triJl' 
58 . mm. 90 rnm; 
GiL mm... Us. mm. 
Greatest- - - ' .. 8&: rom;- ' 121 mm. 
Height of front of fffirrrF.: ____ ~--------------------- 35 mm. 66 mm. 
Least width of ilium in front of acetabulum:.. ____ _ 15 mm~ 26 mm .. 
Femur-
~xtreme length ____________________________ : ______ _ 161 mm. 216 mm; 
Distance through head to outside of great trochan-ter _______________________________________________ _ 
Fore-and-aft diameter at middle-of length ________ _ 
Side-to-side diameter a.t middle- of lerrgth_:.. _______ _ 
Greatest width across condyles ____________________ _ 
'ribia-
' 31 min. 
. IO.5mm.~ 
9.5mm. 
24,5mm~ 
46 mm . 
15 mm .. 
It! rnro. 
3IT mm. 
~xtreme length ____________________________________ 182- mm. 22t.mm. 
Side-to-side width of upper end ______ .______________ 28 ' mm.. 43:: mm .. 
From front of tuberosity to rear of inner arti'cuIa;. -, tion -__________ ~___________________________________ 31 nun." 
Fore-and-aft diameter at middle of length:.._________ ,. 1(J mm:: 
Side-to-side diameter at middle of- length _______ - 10:· IIl'l11:'I 
Grea.test width across lower end _______ ~_______ 11 mm~ 
Fibula-
49 mm. 
16 rum. 
IT mm_ 
2& IDm.-
~xtreme length _________________________________ . .169.' IrtIn':'" .206 mm. 
Greatest diameter' at mfdtlle of le:ngth ___________ _ ·2 rom. .5.S'mm. 
, ,~ 
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\ 'In' the' effort to determine whether ' a particular canine ' skull 
belonged to the coyote, to some ' other species of wolf, or to ' 
some breed of COmplon dog, one must take into account first, 'the 
si~e, of the skull and then its general form. The skull of the 
coyote is long, relatively narrow, with elongated narrow snout. 
The canine teeth of the coyote are relatively longer and thinner ; 
tl:f~,n t~l()s:e 9£ the domestic dogs. In,- fac,t" 'all of the teeth are 
larger in proportion to the skull than in the domestic dogs; and 
the cusps 'lmd ridges are more prominent, as seen in the little 
worn teeth. 
, .14's t,o the geological age of the ,remains of the coyote reported 
from the lead ,region, the reader is referred to remarks under 
Canis mississippiensis, on page 487. 
" ' 
i 
I 
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GLOSSARY. 
Acetabulum. That cavity of the, hip bone which received the 
head of the femur. 
Astralagus. The. bone of the ankle on which the tibia rests. 
See figure 43, page 144; figure 131, page 365. 
Atlas. The first vertebr.a of the neck. See page 399, :(igure 135. 
~ Auditory bulla. An inflated Part of one' of the bones of the ear ; 
seen one on each side of the base of the skull of some animals, 
, as the rodents, the eats, etc: 
Axis. The second vertebra of the neck. See figures 136, 137~ 
page 400. 
Basilar length. ' Distance from the front of the premaxill::e to 
, the lower border of the foramen magnum; basal length. ' 
CaJcane1ll1i. The heel-bone. See figure 43, on page 144; figure 
,131, ,page 365. 
Canine teeth. Those teeth in the upper and lower jaws which 
correspond to the prominent holding teeth of a cat and dog. 
Cannon-bone. In the even-toed hoofed animals the bone imme-
diately below the wrist bones and the ankle bones. 
Carpal bones. The bones of the, wrist. See figure 124; page 358. 
Champlain stage. See page 10. 
Cingulum." A ridge or fold of enamel at the base of the crown 
of teeth, especially the cheek-teeth 'of some mammals . 
. Clavicle. The bone of an animal which corresponds to the collar 
bone of man. Many mammals do not have these bones. . 
Condyle. Rounded articular surfaces, as those by which the head 
is jollied to the neck, and the articular surface at the 'lower 
end of the humerus. ' 
Cuboid. A bone of the ankle. See figure 131, page 365. 
Cuneiform. A bone of the wrist. See figure 124; page 358; also 
applied to three bones of the ankle. See figure 131, page 365. 
D~ntal formula. See page 103. ' 
EIitepicondylar foramen. 'A 'hole 'at the inner side':of the, lower 
end of the humerus: . , 
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, Entocoma. p.age 'l52,-iignre 47. 
Entostylid. See page 152, figure 47. 
Epicondyle: The prominence ,on each side of the lower end of 
the humerus. ' , 
Femur. The bone of the upper part ,of ·the hind leg and articu·, 
lating above with the hip' bone. Plural, femora. See figure 
126, 'Page 360. ' 
Fibula. The hone of the lower leg which is the smaller and which , 
is found ,on the outer s~de. See figure 131, page 365. 
Foramen magnum. The opening at the base ',of the skull by which 
the spinal cord enters the brain-cavity. 
Glenoid fossa. The smooth' surface on the skull at which the 
lower jaw is attached. 
Hyoid. The bone at the' base of the tongue. 
Hypocone. See page 152, figure 4'6. 
Hypoconoid. See page 152, figure 47. 
Hypostyle. See page 152, figure 46. 
Humerus. The bone of the upper part of the arm. 
Ilium. That part of the innominate bone which forms the hip, 
See page 360, figure 126. 
Incisor teeth. The front, or gnawiug, teeth of mammals. 
Innominate bone. That bone formed by the permanent union of 
the ilium, the ischium, and the pubic. bones, of each side. 
See figure 126, page 360. 
Ischium (plural Ischia). In a mammal that part of th~ innomi-
nate bone on w.hicli the animal rests when in a sitting position. 
See figure 126, page 360. ' 
Jugal bone. The 'bone In' an animal which corresponds to the , 
cheek-bone in man; called also malar. 
Lake. ' In tooth of horse. See page 152, figure 46. Correspond-
• 
, ,ing 'structures are found in many hoofed animals. 
Loess. See pages 15, 38. 
Lunar bone. A bone Of the wrist. See figure 124, page 358. 
MagnUIIi. A bone of the WTist. . See figure 124, page 358. 
Malar.bone. See Jugal bone.' 
Mammals, Mammalia. ,.Animals which nourish theIr young on 
milk;' nearly all hav'e a covering of hair. , See pages "101, 102. 
Mark. In a hOTse1s tooth tbe same as "lake." . . 
GLOSSARY 
Mesostyle. ' See page 152, figure 46. 
Metacone. See page 152, figure 46. 
Metaconid. See page 152, figure 47. 
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Metapodials. A term including the metacarpals and the meta-
tal'sals. ' 
Metacarpals. The bones of the fore leg which are i¢mediately 
below the wrist bones. , In man and some animals there are 
five of thl?se, and they form the palm. They ' are nnmbered 
from the inner or thumb side. 
Metatarsals. The bones of, the hind leg which are immediately 
below the ankle bones. In man and some- animals they are 
five in number, and they form the instep. See page 144, fig-
ure 43; page 365, figure 131. They are :o.umbered from the 
inner or great toe side. 
Metastyle. See page 152, figure 46. 
Millimeter. A unit of length in the metrical system. Twenty-
five millimeters (rom.) may for practical purposes be taken as 
equal to 1 inch. Qne hundred rom. are slightly less than 4 
inches; 305 mm. equal 12 inches. 
Molar teeth. Those teeth, three or fewer in numbers, which are 
farthest behind in the upper and lower jaws. They arp Dot 
preceded by milk teeth. 
Moraines. See page 12. 
Navicular. A bone of the ankle. See figure 131, page 365. 
Occipital condyles. The smooth articular surface by means of 
which the skull joins the first bone of the neck. 
Ossa innominata. See Innominate bones. 
Paracone.' See page 152, figure 46. 
Parastylid. See page 152; figure 47. 
,Patella. The knee-cap. 
Pelvis. The basinlike structure formed by the innominate bones 
and the sacrum. See figure 126, page 360. 
'Phalanx, phalange, phalanges. Terms applied to the bones of 
the fingers and toes" excepting the metapodials. The 'first 
phalanges are the upper ones. See figure 43, page 144;, figure ' 
124, page 358; figure 131, page '365. 
Pisiform. A bone of the wrist. See figure 125, 'page 359. 
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Pleistocene epoch. See page 10. 
Postprotoconal valley. That deep inlet of ·the enamel which is 
found on the inner side of the grinding surface of the upper 
. cheek-teeth of ~ horse. See page 152, figure 46, pv . . 
Premolar teeth. Those grinding, or cutting, teeth~ usually. 
three or four in number, which occupy the front part of the 
upper and lower jaws behind the canines; they take the place 
of the milk teeth' when these are shed; 
Protocone. See page 152, figure 46. 
I!rotoconid. Se'e page 152, figure 4'(. 
Protoconule. See page 152, figure 46. 
Protostyle. See page 152, figure 46. , 
Pubis. That bone which' forms the front part of the outlet of 
the pelvis. 
Quaternary. That division of geological time which includes the 
Pleistocene and the Recent. See page 49. 
Radius. That one of the two bones of the lower arm which joins 
the wrist on the thumb side. See figure 124, page 358. 
' Ridge-plate. A constituent o.f a tooth of 'an: elephant consisting 
of a thin plate of dentine surrounded by enamel. See page 
393. 
Sacrum. Those bones of the vertebral coIum!). to which the hip 
,bones are joined. See figure 126, page 360. 
Scaphoid. A bone of ,the wrist. See figure 124, page 358. , 
Scapula. The shoulder blade. 
Sectorial tooth. A tooth, the fourth premolar above and ' the 
, first molar below, .. which in Carnivora is more or less blade-
like and fitted for cutting. 
Sesamoid bones. Small bones found in the tendons of the feet. 
See figure 125, page 359; figure 131, page 365. 
Squamosal. A bone of the skull in the region of the ear and 
sending forward the zygomatic process. Same as temporal 
bone. 
Sternum. , The breast bone of an animaL , 
Style. , In s12eaking of a tooth this means a prominent fold of 
enamel on the outer, or in the inner, face of a tooth, ', 
• 
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Symphysis. The union of two bones of opposite sides of the 
body, as the two halves of the lower jaw and of the two . 
pubic bones'. 
Tarsal bones. The bones of the ankle. See figure 131, page ·365. 
'J;emporal bone. See squamosal bone: 
Temporal fossa. The space between the zygomatic arch .and 
the wall ·of the brain-case. 
Tibia. That bone of the lower part of the hind leg which is on 
the inner side; the shin-bone. See p.gure 131, page 365. 
Trapezium. A bone of .the wrist. See page 358, figure 124, t. 
Trapezoid. A bone of the wrist. See figure 124,' pa,ge '358. 
Trochanter. Each of the tw'o processes of bone at the upper end 
of the femur. A process called the third t~ochanter is situ-
ated on the outer side of the shaft of the femur in some ani-
mals, as the horse. See page 144. , 
Trochlea. The pulley-like end of the humerus which fits against 
the ulna. 
Ulna. That one of the two bones of the lower arm which joins 
the wrist on the side of the little finger. See figure 124, 
page 358. 
Unciform. A bone of the wrist. See figure 124, page 358. 
Ungual phalange. That bone of a digit which bears a nail or a 
claw or a hoof . 
. Vertebrata. Animals which, with rare exceptions, possess a 
back-bone; as fishes, reptiles', birds, mammals. For common 
names of most of the species dealt with in this work see pages 
32,34,38. 
Z~goma; zygomatic arch. The arch of bone on each side of the 
skull below and behind the orbit. 
\ 
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EXPLANATION OF PLATES 
Plate I. 
Map showing localities in Iowa where 'Vertebrate fossils have 
been found; also localiti~s where have been obsel'ved exposures 
of interglacial deposits, except of loess. See page's 52-87. 
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Iowa Plate I. 
Wiac::onlfft 
\owan 
'IIino •• ,.. 
K.n ...... 
~O'iftIMl: 
~ Old Chln_ 
i't_ Mo,.lftk 
.. 
Plate' II. 
" 
, Th~s map is intended to show ih~ localities where remains ' ~f 
extinct E<lentata have been found in Pleistocene deposits,. The 
numbel'& ~vEtn correspond to those ~thin the black citcles ' ~f 
th~ m/itp. Only gen~ric na:m~s .are given. 
'1. " ]~fegalony;x; Greenbriercop,p.ty, West Virg'inia. ~~, Meg.a-
lonyx; Memphis, Tennessee .. 3. ¥~galoIiyx and Myiodon'; Big 
Bone Lick, Boona county, Kentucky. 4, ]\fegalonyi; White 
- county, Tennessee. 5. ¥egalp~yx, Mylodon , and . Er~pfodon; 
Natchez, Mississippi. 6. Megalonyx-; Tuscumbia, Alabama. 1. , 
Megalonyx; He:qderson, Kentucky. 8. Mylodon and Mega-
therium; Charleston, South· Carolina. 9. Mylo'don.; Lan'e county, 
Oregon. 10. Mylodon and Megatherium?; Benton county, Mis-
souri. 11. Megatherium; Brunswick, ~eorgia. ,12. Megalonyx ; 
Hardin county, Texas. 13. Megatherium; 50 miles above 
mouth of Brazos river, Texas. 14. Megalonyx; Holmes county, 
Ohio. 15. Megalonyx; Wythe county, Vj.rginia. 16. Mega-
lonyx; McPherson county, Kansas. 17. Megalonyx and Mylo-
don; Port Kennedy cave, Montgomery county, Pennsylvania. 
18. Megalonyx; Galena, Illinois. 19. Megalonyx, Glyptodon, 
and Chlamytherium; Peace creek, Florida. 20. Mylodon; New 
Iberia, Louisiana. 21. Megalonyx; Dubuque, Iowa. 22. Mega-
lonyx; Clark or Meade county, Kansas . . 23. Mylodon; Senecl:l, 
Nemaha county, Nebraska. 24. Mylodon and Paramylodon; 
Sheridan county, N eb:ql~ka. 25. Megalonyx; , Mills county, 
Iowa. 26. Mylodon; Harrison county, Iowa. 27. Mylodon; 
Huerfanocounty, Colorado. 28. Mylodon; Fossil Lake, Ore-
gon. 29. Morotherium; Owyhee county, Idaho. 30. Mega-
therium; . Archer cQunty, Florid,a, 31. GIYJ?todon; N ueces 
county, Texas. 32. Mylodon; Washtucna Lake; Washington ' 
State. 33. Megaionyx; Calaveras co.un~y, Cfllifornia. 34. 
Meg~lonyx; Shasta county, California.- 35. MorotheJ;'ium; 
Qontra Costa county, California. 36. M-orotherium; Marin 
county, Oalifornia. 37. Mylod.OIi?; Austin county, Texas. 38., 
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. Mylodon; Lookout Mountain, Tennessee. 39. Megalonyx; 
. Evansville, Indiana. 40. Morotherium; Almeda county, Oali-
forri.ia. 41. Megalonyx; Blair county, Pennsylvania. 42. Mylo-
don; S'avannah, Georgia. 43. Mylodon; Yamhill county, ·Oregon . 
. 44,. MegalonyX, Paramylodon~ . and N othrotherium; Los An-
gele~ .cou~tYt Oallf9rnia: 45 . .. Megather1un:~) Brazos co~nty, 
Texas. 46. Me~aloJ?y.x; ~i~alg<? }falls, Br~~o.~ <:<;:mnty, Tex.as. 
47. . Megalonyx; Ohampaign county, Illinois. 48. Mylodon; 
Tecumseh, Nebraska . . 4i ' :Megalo~yx; 6t~e coun~y, Nebr~ska. 
50. Megalonyx; Stanley county, South Dakota. 51. Megalonyx; 
Siou'x Oity, Iowa. '52. Megalonyx; ' Monona ' county, Iowa. 53. 
Mylodon; Blue Lick Springs,. Kentucky. 54. Megalonyx; 
Kim~swick, 'Missouri. 55. : Megalonyx; Douglas Oity, Oali-
fornia.' 56. Megalonyx; Plymouth county, Iowa. 57. Mega-
lonyi i Huron count~, O?io. 
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Plate m. 
Fig. 1. M egalonyx leidyi. skull, seen from the ~ight , 
• '-' I ' \ 
, side, 'x 1/5: ,After LindahL.: ......... ~ : .:. ;p.113 
Figs. 2-7. 
2. 
3. 
A. 
Megalonyx jeffersonii. Various' parts:, 
Skull,_seen from front. x 1/ 3. After Leidy. " . p. 115 
Canine tooth. x .7. After Leidy ........... ' .. p.114 
Same tooth, grinding, surface. x .7. After ' 
Leidy ............... ' ................. '. ~ .. p. 114 
5. Claw found near Champaign, lllinois. x ~/5 .. . p. 129 
6. Same claw seen from above. x 3/5 .... -... .' .... :p. f29 
7. Tibia and calcaneum, from behind. x about . 
1/12. From photograph' of He~derson speci-
men ................. . . . ..... . ..... pp. 124J 126 
-··)f~t 
., "''''.:', 
.. ~ '. ~ .. 
/ 
~ 
Iowa Geological Survey. Plate HI. 
\ 
Pla.te IV. 
Figs. 1,2. Hapalops. After W. B. Scott. Much reduced. 
1. Fore foot .. . . ..... .... .. .... ................ p. 122 
2. Hind foot . . . .. . .......... ................. . . p. 126 
Fig. 3. Megalonyx jeffer'sonii. Metatarsals. x .35. 
After Leidy. Numerals 2 and 5 over this 
figure indicate the second and the fifth digits. p. 126 
(;10 
. Iowa Geological Survey. plate IV,' 
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Plate V. 
, .. 
Figs. 1-4. Megalonyx jeffersonii? 
1. Terminal phalange, seen from the side. x .8. 
No. 174, State University of Iowa . . ........ p.128 
2. Same phalange, seen from below. x .8 ........ p. 128 
3. View of right radius found at Turin, Iowa, seen 
from front. x.3 .............. : .. . ...... . . p . 129 
4. Same radius, showing border next to ulna. x.3 .p. 129 
.' 
Iowa Geological Survey. Plate V . 
. f 
Pla.te VI. 
Figs. 1,2. Megalonyx. Lumbar vertebra from Missouri 
Valley; Iowa. x .3. .Inverted by the en-
graver .............. . . . .. .. . , ..... . .... ' .. p. 130 
1. Vertebra seen'from behind. 
2. Same vertebra seen from the right side. 
Figs. 3,4. 1I1ylodon harlani. Lower jaw of the type 
specimen ......... ' . .. . .. . ................ p . 132 
3. Jaw seen from above. x .66 .. 
4.J aw seen from right side. x .56. 
Iowa Geological Survey. Plate .VI. 
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Plate VII. 
Mylodon rob~~stus. Found in South Ameriea. 
From photograph of mounted specimen in 
American Museum of NaJ'ur~l History, New . 
York .. .. . ...... . ....... .. .... .. . . ... : . . .. . p. 132 

. . 
, 
Plate VIII. 
Figs. 1,2. Mylodon harlani? Claw of third dlgit. x 1 .... p, 142 
1. Claw seen from the side. 
'2. Claw seen from above. 
. . 
Fig. 3. N eohipparrion speciosum. Skull seen from the 
side. ' x .35 ....................... ' .. ' ...... p, 148 
Iowa Geological Survey. Plate VIII. 
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Pla.te IX. 
Figs. 1,2. Neohipparion gratum? Upper premolar or 
molar of the right side. x 1. From Thayer, 
' Io'fa ... , ........................ ,' ....... p.149 
1. Tooth seen from the front. 
2. ,Tootli showing gr:inding surface. 
Figs. 3,4. N eohipparion gratum? Foot bones .. x 1. ' .. -... p. 150 
3. Metatarsal; proximal portion, seen from rear. 
4. Proximal phalange, seen from rear. 
Fig. 5. Equ~(,S complicatus. , Front of lower jaw, with 
incisor teeth. x 3/4. From Cope .. . . .. ... . ,'. p. 160 
Fig. 6. Equ~ complicatus. Premolars and molars. x 
4/5. From Cope .................... :pp. 159, 160 
Fig. 7. N eohipparion gratum? Metatarsal, seen from 
front. x 1 ............................... p. 150 
520 
• 
lowa Geological Survey. Plate IX. 
i , 
~ , . 
" 
Plate X. 
Figs. 1,3. Equus complicatus. Two. views Qf a left upper 
' ; , premQlar. xL NQ. '116, State University Qf " \ 
Fig. 
, " 
. 
',~' Iowa. FrQm MissQurI' V ~lley ...... '~ ....... p. 166 , ' 
1. View of grinding surface. 
3. View Qf Quter faceo{)f tQQth. 
Equus niobrarensis. Two. views Qf s~pPQsed 
upp~r fQurth premQlar. x 1. No.. 1]7', 8tate 
, University of IQwa . . ... , ...... . .... : ....... p.199' 
2. View Qf grinding face. ' I ' 
4. View Qf Q~ter face. 
. 5. Eqwus cornplicatu8. View Qf grinding :surface . 
X· i . . No..' 119, State University Qf Iowa. 
CQX pit, MissQuri Valley. '." ... . .... : .. . : ..... p. 177 
, ; 
Fik ' 6. Equus complicatus. View Qf grinding sllrface 
Qf upper tOQth, fQurth premQlar ~ x 1. - No.. 
118, State University Qf IQwa' . . ........... . p.174 ' 
Iowa Geological Survey. Plate X' . 
, 
Plat~ XI. 
EqttU8 cornplicatu8. Upper and lower cheek-teeth . . 'x 1. ' 
Nos. 219, 220, State University of Iowa .. ... p.169 
Fig. 1. Left upper teeth. 
Fig. 2. Right lower teeth. 
f •. ::! 4' 
Iowa Geological Survey. Plate XI. 
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Plate XII. 
Figs. ]\ 3'. Equus com.plicatus. Two views 'of second lower · 
left,molar, xl. No. 132, Stat"e .University of 
Iowa ·, , , , , , , , , , ,., . , , . , , . , , : ',' , , , , , . , , , " ,'p,171 
A 1. View of grinding surface. " 
f 3. View of the inner face. 
Figs. 2,4. Equus complicatus. Two views of lower left 
molar. x 1. No. 131, State University of 
Iowa, " ." ." .,. ", ."" ,'" . " . ,,',"',. ,p,172 
2, View. of grinding surface, 
4, , View of outer face, 
Fig, 5, Equus complicr;ttus, Left lower,tooth, probably 
a molar, x 1, No, 119, State University of 
Iowa, ·" .,. '" .,;. """"",. ". ,.,,:,'" ,p,177 
Fig, 6, Equus complicat~ts. Part of the,right ramus of 
lower jaw with two hinder molars. x 1. No. 
\ -;,. ... , 127, StateUniver~ity of Iowa. " ";"'" ., ,p,172 
".) 
\ ,~. 
Iowa Geological Survey. , Plate XII. 
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Plate XII~~ 
Fi,gs.1,2. Equus· cornplicatus. Two views of lower left 
last molar. x 3/ 4. No:134~ State University 
of Iowa , ........ ... . .. ...... . ..... .. .... . p .. 172 
1. View of outer face. 
2. View of inner face. 
Fig. 3. Equus laurentius. Part of right tipper Jaw 
with three premolars and two molars. x 1. 
No. 133, State University of Iowa . ..... : . . . p. 207 
Iowa Geological Survey. Plate XIII. 
Plate XIV. 
Equu's complicattts. Two views of ·lower right 
second premolar. No. 120, 8tate University 
of Iowa 0 • 0 •• : •• 0 0 0 0 0 0 • 0 0 0 0 0 • 0 • 0 0 0 : • 0 0 •• 0 • p. 174 
1. View of outer face. x 1. 
2. View of inner face. x 3/4. 
Figs. 3,4. Equus niobrarensis. Upper and lower incisors 
Fig. 
. '. 
of the tyPe .. 0 • 0 • 0 ••••• 0 ••• 0 • 0 • : ••• 0 0 0 ... 0 • p. 195 
3. Upper incisors. x 2/3 ......... 0.00.0 _ ... oJ " •• p.1~5 
4. Lower incisors. x 1 .... 0 ••• 0 ••• 0 • 0 •• 0 •• 0 ' , ' • 0 p. i96 · 
5. .Equus niobrarensiso Lower incisors of "No. 
24,' o'Ameri~an Museum of Natural History . 
x 2/3 . '. 0 •• 0 • : ••• 0 0 0 0 0 0 : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 p. 196 
. r· ~ ! 
,. , 
Fig. 6. Equus ,excelsus?' , Lower incisors. x. 2/3. · 'No. " 
2762, American Museum of Natural Histbi'Y-.p.196 
• ,. . t 
Iowa Geological Survey. Plate XIV. 
.' 
Pl~te XV. 
Figs. ~,2. Eq1,tUS niobrarensis. Two views of the skull of 
the type. Siightly less ' than' three~ tenth~ _ 
natural 'siz~ ................. :. ~ ....... .. p . 191 
1. View from below. 
2. View from above. 

Pla.te XVI. , 
Equus niobrarensis. Side view, of the skull.of the type. 
'Slightly less than one-fourth natural size ...... ' .. ' . ..... p.191 

Plate XVII. 
Equus l~1'I,rentius. Side view of the type. 

Plate XVIII. 
Figs. 1,2. 
1. View from above. 
2. 'View from below. 
Iowa Geological Survey . . Plate XVIII. 
2 
Plate XIX . 
. Figs. 1-4. Tayassu angulatus. Views of the skull and 
teeth. From Baird ......... ... . ........... p. 214 
1. Side view of the skull and lower jaw. x 2/ 5 . . . . p. 214 
2. Skull seen from below. x 2/ 5 . . .. . . . .... pp. 214J 217 
3. Lower teeth ofleft side. x 1. ........... . .... p. 217 
4. Upper teeth of left side. x 1 .. ; .... ' .... . pp. ~16,/217 
Figs. 5,6. Tayassu angulatus. Views of upper and lower 
teeth. Slightly less. than natural size. No. 
52128, National Museum. 
I 
5, Upper t.eeth of rigp.t side. , .. ; .. , ... : , . . pp. 216, 217 
6. Lower teeth of· right side ... .. ; .. . ... . . . ; ... . . . p. 217 
Iowa Geological Survey. P..!at'3 XJX. 
Plate XX. 
Figs. 1-3. Platygonus compreSSU$. Three vie~s of the 
skull. x 1/3. Aft~r Leidy ...... .. .... pp. 218, 219 
1. . Skull seen from the side. 
2. Skull seen from above. 
3. Skull seen from below. 
Iowa Geological Survey. Plate XX . 
. .. 
Plate XiX!. 
Figs.'1,2. Mylohyus? temerarius. Two 'view,s of the left 
. lower canine. Type. xL .............. . ... p. 227 
1. Tooth seen from the outer-side. 
2. Tooth seen from behind. 
Figs. 3~6. Platygonus compressus. Four views of the 
cheek-teeth. x 1. After Leidy ........ pp. 219, 220 
3. 'Upper teeth seen from below . . 
. 4. Upper teeth seen from the outer side. 
5. Lower teeth -seen from above. 
6. Lower teeth seen from the outer side. 
Figs. 7,8. Platygonus compressus. Figures of teeth found 
at Burlington. x 1. From Leidy .. ', ........ p. 225 
7 . Upper teeth. 
8. Lower teeth. 
In figures 5 and 6, from error in the original figure, the hinder-
most premolar has the hinder end wrongly placed in front, thus 
. making the higher cones to appear in front. 
Iowa Geological Survey. Plate XXI. 
;Pla.te XXII .. 
Figs. 1-4. Platygonus compreSS~ts. Views of vertebral of 
. specimen found at Columbus, Ohio; now in 
Yale University Museum .................. p. 222 
.1. View of atlas seen from below. x 1/ 2 . 
. 2. View of cervical vertebral, except atlas, as seen 
from above. x .655: 
3. Same vertebral, seen from right side. x .655. 
4. Three dorsal vertebral seen from right side. x 1!~. 
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Plate XXIII. . 
Figs. 1-5. Platygonus compressus. Bones of animals 
found at Columbus, Ohio; now ,i~ Yale Uni-
versity Museum. 
1. Sactum'and part of left ilium, see~ from below. 
, x 9/ 16 ...... ..... , ....... ~ ..... ,'" ......... p. 223 
2. Hinder portion of left innominate 'bone, show-
ing acetabulum. x 9/ 16 .... ........ : ... ... p. 22'4 
3. Humerus of right side, seen from left, side. 
x 1/ 2 ................ .. ...... . ........ . :. p. 223 
4. Same humerus, seen from front. x 1/ 2 ....... p. 223 
5. Ulna and radius of left side, se~n from front. 
x 1/2 ............ ' ......... ~ . " ......... ... p. 223 
Iowa Geological Survey. Plate XXIII. 
;;. 
Plate XXIV. 
Figs.l,~. Platygonus compressus. Folded fore limbs of 
. animal found at Columbus, Ohio; now · in 
Yale Univers~ty Museum. x .40. ' 
1. Right fore limb. Shows scapul~ with damaged 
pr:oximal end; humerus (lacking the proxi-
mal epiphysis); radius and ulna; the fourth 
metacarpal; its three phalanges; . and the 
second phalange of the third metacarpal. 
Between the distal end of the ulna and the 
proximal end of the fourth metacarpal may 
be seen the head of the second metacarpal; 
while on th~ side· of the upper end of the 
I· fourth metacarpal .is seen the nodular fifth 
metacarpal . . . . ..... . ................ pp. 223, 224 
2. Left fore limb, seen from in front. Shows hu-
merus, articulated below with the radius; the 
bones of the wrist; and the two toes, lacking 
the terminal phalanges. Between and below 
the digits is seen the proximal end of the 
ulna. At the right of the upper end of the 
fourth metacarpal is seen the nodular fifth 
metacarpal. Just ab.ove this and toward the 
right is the pisiforme .... . .. : ............ . p. 224 
lfig. , 3. Platyg.onus compressus (leptorhinus). Left 
fore foot, seen from behind. . From Willis-. 
ton ....... : ...................... . .... . . : ... p. 2~ 
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Plate XXV. 
Figs. 1-3. Platygonus Coinpressus. Bones of hinder limbs . 
of animals found at Cohimbus, Ohio; now at ' .' 
Yale University Museum. x .6 .. 
1, Left femur seen from right side .. .. . ... .' : . .. p. 224 
2. Left tibia, seen from left, or outer; side ....... p. 224 
3. Left hind foot, seen from front ............ ; . p. 225 
Figs. 4-6. Mylohyus nasutus? Three figures of lower jaw 
and teeth of young animal found in Colum-
biana county; Ohio ...... . : .... : .. .. .... ' ... p. 226 
4. Left lower jaw, inner surface. xI. . 
5, Same jaw seen from above, showing three milk 
molars and u~cut moliu. xL ' 
6. View of the uncut first molar. x 2 . 
. 1 
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Plate XX.VI. 
Figs. 1,2. Mylohyus nas'!ktus: Two views of the snout of 
the type-; x 1 ... ..... .................... p. 226 
1. Snout seen from below. 
2. . Same specimen seen from the right side. 
Figs. 3-5. Mylohyus sp.' Views of lower jaw and foot 
from Oonard fissure, Arkansas. From Bar-
num Brown ....................... pp. 226, 227 . 
3. Jaw seen from above. x 1/3. 
4. Left side of jaw, inner face. x 1/3. 
5. Fore foot, seen from front. x 1/4 . 
. 1 ", 
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3. 
Plate XXVII. 
Mylohyus sp. ~ Bind foot found in c'onard fis-
sure, Arkansas. . Fr:om Barnum Brown. x 
3/ 8 .. : ..... , " ... ~ . ' .......... .. ........... p. 227 
, . 
Ca~e~us dromedarius . . Skull. x 1/7. From 
Bl ' '11 . . . • . 299 alnVl e . ... . ..................... : .... p. ""' 
. . 
, . 
Camelops kans.anus . . View of left side of snout. 
The :ffg,ur~ to the right of the. numeral shows 
a palatal.view; the ~me on the left a lateral 
one. x 1. ,From Leidy ... . . . ........ pp. 232, 233 
Fig: 4: Camelops hesternus. Last premolar and three 
t • 
molars of left side of lower jaw . . Slightly .. 
. less than one-half natural size .. F.rom Leidy. 
• • • • • • • •• • •••••• • • • • •• •• ; ••• ' • • : .> •• ' : • • : . : ..... p. 232 .'~ ~.; .... ~ .... "..~_, .. ",:',!, .:'" I" } .,' -"'. ' '. 1. ' ~ . ... '. : 
~ii; ." 5: G.a.rfielops k"a,nsanus? · view of grinding surface 
,. ,. .~ ~ . ~ ~ 0:1Y:tr0Qth found at Missouri Valley. xi. No. 
i 183, 'State University of Iowa ....... : . pp. 239~ 243 
r' 
r,l 
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Plate XXVIII. 
1. Camelops huer/anensis?, Lower fourth right 
premolar. xl. No. 230, State University of 
Iowa ................. , .. : ........... pp. 239, 243 ' 
Figs. 2,3. Camelops sulcatus (Cope). Last premolar and 
three molars of type. Slightly less than one-
fourth natural size. From Cope ............ p. 232 
2. Grinding surface. of the teeth. 
3. Outer face of the teeth. 
Figs. 4,5. Came lops hestern'Us? Left lower jaw and teeth. 
Texas specimens. Slightly ' less than one-
, fourth natural size. From Cope ........... p. 232 
4. Lower jaw seen from above. 
5. Same jaw, outer face. 
Fi~. 6. Camelops kansanus? Astragalus found at Mis-
souri Valley. x 2/3. From Calvin ........ p. 242 
Fig. 7. ' Neohipparion sp.? Section of an upper molar 
or premolar not yet cut. x 1. Found at 
Thayer, Iowa. ' ......... , ... ~ .............. p.150 
Iowa Geological Survey. Plate XXVIII. 
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. Plate XXIX. 
Figs.l-~. Camelops huerfanensis. Portions of skull of 
'. .. the type ...... . ... . .' ...... ... ....... .. .... p. 235 
1. Occipital region, from behind; partly missing. 
x 2/ 3. 
2. Left premaxilla; some missing in front. Outer 
face. ·x 1. 
3. . Same bone, showing inner face. x 1. 
4. Same bone, showing lower edge. x 1. 
!jill) 
Iowa Geological Survey. Plate XXIX; 
Plate XXX. 
, Fig. 1. Camelo'ps htterfanensis. ,Palate ' of the type, ' 
showing the last premolar and the three mo-
lars. Teeth of the left side of the jaw injureu. 
x 1/2 .............................. pp. 235, 237 
Figs. 2-5. Camelops hu.erfanensis? Views of jaw , and 
teeth . .. .. .. ..... . .. ...... . .... pp. 237, 238, 239 
2. Symphysis of lower jaw, with canines and in-
cisors. x 1/2 .................. ' .......... p. 237 
3. Third incisor. x 1. No. 870, National Museum. 
4. Second incisor. xL ' No. 870, National Mu eum. 
5. Part of .right side of lower jaw, with two pre-
molars 'and two molars. x 1/ 2. No. 5315, N a-
tional Museum. 
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, Pla.te · XXXI. 
Figs. ~,2. Camelops ~ ll'oot-bones found in Iowa. 
x 1/2 """""" ' , .. ,", .', ~ , : :"': ' .' pp,59; 241 
1. Proximal phal~nge, found at ;Henton Station" 
near Council Bluffs, ' No. 304, State Uniyer-
sity of .Iowa. 
2. Second phalange, found a:t Turin, Monona 
county. 
Fig. 3. Camelops huerfanensis. Proximalphalange of 
, type; for comparison, x 1/2 , , , , " , , , , , , ,. p. 241 
Fig. 4. Camelops kansanus? Right upper fourth pre-
molar. xl."", ' , .. ,' : .. ,., :·" .... ,'" p. 243 
Fig. 5. Odocoileus virginianus. Part of skull and ant-
lers. ~uch r~duced , , , , . , . , >, .. , '" ~ . '.' , '.' ,p. 249 
Figs. 6, 7. Cerm~s canadensis. 
teeth of left side. 
Upper and lower .cheek-
x 2/ 3 :., .... ' ... '. :;.: .pp. 255, ~56 
... ........ .. 
6, Upper teeth. 
7. Lower teeth. 
Fig. 
,~ .. 
8. Alces shimeki . . Teeth of type seen fro~ abo~e. 
, . ' .... _ '~"'''''O# ~ '. .. ~ '.,J. " 
.. xl ..... · .............. ; ...• ; .' . "'1, . ' • • 'io :' .:·~ .. .. ', p. 272 
. ... • ", ~'" I • 
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]-'igs. 1,2. Cer'valces roose'veZti. Part of ; skull forming 
r the type; x .185 .,' , . . : .. .. ... . . .. .. . ... :po 268 
1. Skull and antler seen from behind: 
2. -Skull and antler seen from in front. 
Fig. 3. Alces ~himeki. Type jaw, seen from outside. 
xl . ... . ....... . ..... . .................. p.272 
Figs. 4,5. Rangifer muscatinensis? Fragments of antlers . 
. .. . . . . . . . . . . . . . . . ' ..................... ~ . p. 282 
4. Fragment of antler found at Correctionville, . 
Iowa. x 1/ 4. No. 352, State University of 
Iowa. . 
5. Fragment of antler, found at Correctionville, 
Iowa. x 1/ 4. No. 351, ·State University of 
Iowa. 
t' 
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• 1 , 
Figs.1;2, 'Rangife; ·musc~tinensis. Teeth forming ' tm~, 
type. xl ....... .. ... ....... . . : .. pp. 277, 279,"280 
1. . Upp~r left premolars and molars. 
2. ~owet left premolars and -~olars. 
Fig. 3. Rangif~r musca,tinensis? Fragment of antler 
• found at Muscatine. x .58 ..... ........ . ... p. 281 
:H'ig. 4. Rangifer ?nuscatinensis? Fragment of antler. 
x 116. Locality unknown ............ pp. 281,282 
Figs. 5,6. Antilocapra ' ,americana. Upper and lo~.er 
cheek-teeth of the left side. xl .... .. . ... ' .. p. 285 
5. Upper teeth. 
6. Lower teeth. ' 
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Plate XXXIV. 
Figs. 1,2 . . ?Aftonius calvini. Left hinder cannon-bone. 
x .4 .. .. . ...... ............... . ......... .. ... p. 289 
1. Bone seen from the inner ·side. 
2. Bone seen from ~ront. Inverted by engraver. 
Fig. 3. Antilocapra americana. Upper cheek-teeth of 
left side, seen from outer side. ·x 1 . . .... : . p. 285 
Figs. 4,5. Aftonius calvini. Horn-cores· forming the type . 
................................... . ..... p. 287 
4. Horn-cores seen from in front. Somewhat less 
than one-half the natural size. 
5. Left horn-core, seen from the side. x 1/ 2. 
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Plate XXXV. 
Fj,gs.1,2~ Boothe1'iwm bombifrons. Two · views of the 
skull of the type. x about 1/3 .............. p. 291 
1. . Skull seen from the right side. 
2. Skull seen from above. 
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Plate XXXVI. 
Fig. 1. Ovibos moschatus. Skull seen from above. x 
about 1/3. ,From Osgood .. ........ : .. pp., 294, 297 
Figs. 2,3. Ovibos, mosohatus. Two views of ,skull found 
in Fayett.e county, Iowa. x about 1/ 5 .. pp. 294, 2~7 
2. Skull seen from above. 
3. ' Skull seen from the left side and above. 
Fig. 4. Symboscavifrons. Skull of type seen from the ' 
rear. x about .22 . : ..... . .. . .... : . . . .. ' .. . p.298 
, 
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Plate ~XXVII. 
Figs. 1,2. Symbos tyrrell'i. Two views of the skull for!ll-
ing the type. x a bout 1/5 .......... . .. :pp ~ 302-304 
1. Skull from above. 
2. Skull from below: 
Fig. 3. Syrnbos davifrons. View of forehead and horn-
cores of specimen found near Oouncil 
Biuffs . . x about 1/4 ................ ' .. : .... p. 305 
Iowa Geological Survey. Plate XXXVII. 
Plate XXXVIII. 
Figs. 1,2. Bison biso~. Views of skull of an old ~ale. 
x 1/ 6 .. '. : ..... . ..... . ...... ',' . . . . . . . . . .. p. 313 
. ' 
1. Skull seen from the side. 
2. Skull seen from the rear. , 
FigS. 3,4. ' Bison bison. Views of grinding surface of up-
per B:nd lower molars and premolars. x 2/ 3'. p . 313 
3. Upper teeth of left side. 
4. Lower teeth of right side. 
All these figures are from, Dr. J. A. Allen's Monograph Oll 
North American Bisons. 
Iowa Geological Survey. Plate XXXVIII. 
Plate XXXIX. 
Fig. 1. Bison bison. Part of skull of a young animal 
found at Deloit, Crawford county, Iowa. 
x .22 .. .. .................... . ........ .'... p. 315 
Figs. 2,3. Bison occidentalis. Views of the skull form-
ing the type. x 1/7 " .................. " .. p. 319 
2. ,Skull seen from above. 
3. Skull viewed from behind. 
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Plate XL. 
'Figs.1,2. Bis'on occidentalis. Two views of skull found in 
Alaska; now in American MuseurQ. of N atur-
al HIstory. x 1/9 ............. : .......... . iT.' 319 
1. Skull seen from above. 
'2. Skull seen from the rear. 
Figs. 3,4. Bison occidentalis. Left side of skull and horn-
core of specimen found in Hamilton county, 
Iow:a. x 1/5 ............. ' ........... pp. 82,323 
3. Specimen seen from above. 
4. Specimen: seen from behind. 
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Plate XLI. 
Figs. 1,2. Bison alleni. Two vie~s of a skull found in 
Alaska; now in National Museum. x .12 .. p. 326 
1. Skull seen from above. . 
2. Skull seen from the rear. 
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.... " ·:.·\i'~ .,j.~. ~ Fig. 1. · Bison la,tifrons:: Vi~w' of !p,art of skull and t~e 
horn-cores, to show: the' curvature of the lat-
ter . . x 1/12. Specimen in Cincinnati Society 
Natural History .................... .' .... p. 327 
Bison regius. Two views of skull of the type. 
x 1/12. Specimen ' in American M uB'eum 
Natural History; New York ............... p. 237 
2. 
" 
. I · 3. 
Skull seen from the rear. 
Skull seerifrom above . 
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Plate XLIII. 
M amnwt americanum. Two views of skull of 
specimen in the National Museum ....... . 
. . . . . . . . . . . . . . . . . ... : .......... pp. 333, 334', 335, 370 
. . 
1. . Palatal view of skull . 
2. Lower jaw seen from above . 
. 3. Jlammut american'um. Upper lefUhird molar, 
seen from outside. x 1/2. No. 2220, N ation-
81 Museum . ............................. p.338 
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Plate XLIV. 
Figs. 1,2. Mammut progenium. Two views of the lower 
jaw forming the type. x·1i7 .. :; .......... . p. 368 
1. Jaw seen from above. 
2. Jaw seen from left side. 
Fig. 3. Mammut americanum. Crown view of upper 
right h~ndermost ' molar . . x .46. No •. 2218, 
/ Natio:nal Museum ... . . : ......... . ......... p , 3~~~ . 
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Pla.te 'XLV. 
Figs. 1-7. }1ammut americanum: Views of various teeth. 
· x 1/2. ' 
1. Upper left second molar, front end toward the 
' right. No. 2261, National Museum .. ' ....... p. 339 . 
2. Upper left second molar. Shows grinding face. 
No. 2258, National Museum ....... : ........ p. 339 
3: Upper right ,first molar. No. 2243, National 
Museum ................................ p. 839 
4. Upper right third milk molar. No. 2230, Na-
ti<?nal Museum .......................... p. 340 
5. Upper right second milk molar. No. 6689, Na-
tional Museum ' ........ : .................. 'p. 341 
6. . S~me ,tooth seen from the outer side .. ' ..... ' ,' . p. 341 ' 
7. Cl,'own .view of lower right last molar. No. 
,2221, National Museum .. ' ..... ' ........ pp. 337, 341 
'. 
'!.r .... , 1,', 
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Plate XLVI. 
Figs. 1-3:"' Mamrn~~t americanum. Views of thr'ee lower 
last molars. x 1/2 .......... ' .... pp: 337,841, 342 
1. Lower right last m~'lar ' from below; to show 
. great p,ulp cavity. No. 2221, National Mu-
seum. 
2. Lower left last molar, seen from~' ~bove. No. 
, .' 
2384, National MuseUIp:, ' , ' , 
3. Lower right last molar, ! seen from outer, or 
tight side. No. 5101, N,'atioIial Museum. 
'. 
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Plate XLVn. 
Figs.1-10.- Mammut americanum. Views of various 
tee-th.' 
1. Lower right second molar. x .36. No. 342, Na-
• tional M~seurh ....... ' .. , .. : .. ' .... '.' ....... p. 343 
2, ' ,Lower le{t'$'econd molar. ,x .47., No. 2228, Na-
tional Museum. The front of the tooth is to-
, ' I . 
ward the left. '" ... ....... ...... ' ... ' ....... p. 343 3: Bower'-left :fi~st .molar. x .44. N~. 2233, Na- ' 
. tional Museum . . ..................... ' ... J>. 343 
4. Lower right· third milk molar. Shows a ,moder~ 
. . " ,. 
ately worn tooth. x 1/ 2. No" 2231~ National 
. . ,~.' . 
, Museum .. ' ......... ,': .... . ... -.' ........... p. 344 
. 5. "Lower right third milk, molar. x)/ 2. Spe.ci-
'· men in National Museum from Virginia. 
, Shows ' a wholly unwdrn tooth~ seen from the 
side. .' ......... ' ... .' ... ' ............. ' pp. 344, 345 
6. Same topth seen from' 'above. x 1/2.· .... pp. 344, 345 
7. ' Lower right second milk molar.' x .46. No. 
6690, National Miseum' ..... ' .... ' ... ' ...... p. 345 
8. Lower: l~ft' secon& 'Inilk molar, much' worn. 
x .48. No. 670:t'<N'ational ' Mu~eum .... ' ..... p. 346 
9. Lower right :first nii1k molar: x .48. No. 4986, ' 
Natl'onal Muse-urn', ...................... ' .... p. 346 
10. Same tooth seen from: the outer side: x·.48 .... p. 346 
.~ 
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Plate XLVIII . 
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Fi.g. 1. Mammut progenium. Left ramus and. symphy-
sis of lower jaw. x 1/7. No.2, State Univer- I 
sity of Iowa ............ , .................. p. 372 
I 
Figs. 2,3. Rhabdobunus mirificus. Left ramus of the'low- : I 
er jaw. x 1/4. Mter Leidy ............... p. 37& 
2. Jaw seen from the outer side. 
3. Jaw seen from above . 
. ' 
" 
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Plate XLIX. 
1. M ammut americanum. Tusk from Wilkenson 
. well, Mapleto:O, Monona ' county:. No.· 234, 
'State University of Io.wa ... , .... , ........ pp. 68, 386 ' 
2. Rhabdobunus mirificus. Upper right last mo-' 
lar, seen from the left, or inner, side. x 1/2 . 
. . . . . , .................... : ....... ' .' ... pp. 59, 378 
Fig. 3. ?Mammut ·americanum. Basal portion of the 
. rear Of the skull. Much reduced .......... ,p. 384 
~., 
,~- '. 
. ''-- -.~ ............... _ .. -..--.-_ ... _ ... - _._. --- .... ~-...... -- .. - _. 
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Rhabdobunus mirificus. Upper right last mo-
lar, showing th~ grinding surface. x 4/ 5 : ... p. 378 
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Plate LI. 
Figs. 1,2. Mammut americanum. Upper left last molar. 
x 2/ 3. No. 12, State University of Iowa. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. pp. 383, 384 
1. Tooth presentiIig the grinding surface. 
2. Tooth presenting the inner face. The front end 
is toward the left. 
. , 
.. 
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Fig. 
Plate LII. 
1. Mammut americanum. ~capula found, with 
other bones, near Wilton, Muscatine county. 
x about 1/12 ............ : . . . . . . .. pp. 79,355,.388 
2: Mammu·t progenium? Left ramus and sym-
physis of lower jaw. x 1/6. No.2, State ~ 
University of Iowa ....................... p. 372 
3. Mammut progenium. Supposed l~wer tusk. 
Proximal end at left. x .23. No. 25, State 
University of Iowa ........................ p. 370 
4. Elephas primigenius. Longitudinal section of 
part of tusk from AlasKa. Much reduced ... p. 392 . 
Figs. 5,6. Elephas primigenius. : Upper first milk molar. 
x 1. F:rom A. Leith Adams .......... ; ...... pAo1 
5. View from the side. The front is toward the 
right . . 
6. View of the grinding sur~ace. 
Figs. 7,8. Elephas primigenius. Lower first milk molar. 
x 1. From A. Leith Adams ...... : .......... p. 401 
7. View of grinding surface. 
\ 8. View from the side. 
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Plate LIII. 
Glacial map showing where specimens of mas-
todcns have been found in Iowa. : ........ . p. 379 
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c==J Kansan .. 
~Q'i(tle ... 
~ Old Chann.l 
t.;;~. Moraines. 
Plate LXV. 
~igs.1,2. E.l f} phas pr'iniigenit~s. Two views of upper sec-
ond milk molar. x 1/2. From' A. Leith Ad-
~ms .. ... . .... . : ... ....... . ... : ........ : .. p. 401 
1. View of tooth from probably the inner face. 
Eront of tooth toward the right. 
2. View of the grinding surface. 
Figs. 3,4. Elephas · primigeni1~s. Lower left second milk 
molar. x 1/2 ........... . . '" " , ' .pp. 401, 403, 407 
3. Tooth seen from the inner face, the front to-
ward the left. 
4. View of the grinding surface, the fr.ont above. 
Fig. 5.. Elephas primigenius. Lower second milk mo-
lar, unworn. x a little more thari.1/ 2. Front 
of tooth toward the left. From A. Leith Ad-
ams ...... ' ........ , ....... ; . . . . . . . . . . . .. p. 402 
Fig. 6. Elephas primigenius. Upper right third milk 
molar. Shows the inner face. x 1/ 2. From 
Ohio. N Q. 4836, National Museum ......... p. 402 
Figs. 7,8. Elephas primigenius. Lower right last milk 
molar"partially worn. x 1/2. From A. Leith 
!!"ig. 
Adams .................. : .............. p. 403 
7. Shows the inner face and the partially devel-
oped roots. 
8., View' of the grinding surface. 
' 9. Elephas primigenius.The lower last milk mo-
' Iar. x 1/2. No. '6558, Nati.onal Museum. 
Two or three rear 'plates are restored ...... p. 40~ 
.... 
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Plate LV. 
Fig. 1. Elephas primigenius. Upper right side ,of jaw, 
showing a part of the third milk molar and 
the whole of the first molar. x 1/2: From 
Alaska. No. 6656, National Museum .. pp. 402, 404 
Fig. 2. elephas primigenius. Dower right first molar,. 
x 1/ 2. From Marengo, Iowa. ' No. 324, State 
University of Iowa ........... ' ........ pp. 74, 404 
Fig. 3: Elep'has primigenius. Upper left second molar. 
x 1/2. From Alaska. Hinder plates miss-
ing: ............................... pp. 40~, 407 
Fig. 4. ' iEiephas primigenius. Upper right second mo-
lar. Shows grinding surface. x 1/ 2. From' 
Alaska. No. 6556, National Museum ...... . PJ 406 
· Iowa Geological Survey. Plate LV. 
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"Figs. 1,2'.,' EZephas primigenius. Two upper secoIld J1l0-
lars. 
1. Upper. right second mola , seen from without. 
Slightly less than one-half natural size. No. 
6556, National Museum .... ', ' ............... p. 405 
2. Upper second molar. x 1/2. No. 21, State' Un~-
versity of Iowa . .... .... ................. p, 406 
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Pla.t~ L~ 
Fig. 1. Elephas primigenius? Tusk found in river be-
low Iowa Oity, now in two pieces. xl/10. 
No. 115, State University of Iowa ... . . . pp. 67, 437 · 
I 
F~g. 2. Elephas primigenius. Upper right second mo-
lar, showing the inner face. x 1/ 2 . . From 
Alaska. No. 6566, National Museum. Some 
front plates are missing ........ .. ......... p. 40,6 
Fig. 3. Elephas primigenius. Lower . jaw found in 
Alaska. x 1/5. No. 6666, National Museum . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pp. 399, 407 
. \
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j Fig. 2. Elep'has,'primig,enius. · Upper third molars of 
l specihlen found in Grant coup.ty, Indiana; '. 
! now in American Museum Natural History; ' 
x .8. The rear of the tooth in the figure:has 
;\.!", b~en cut off somewhat by theengrave~;, :' ... p. 408 
,j 
I F' : Ig. ; ~3 ~~ ' Eleph'iJ,s primigeni~ls. Lower right second mo-
. .. : " Utr~'·. '~ .. A4 . . Fo;~nd in jaw in western, Penn- . 
'''1 sylvanIa · . .. .. ,.' .. .. ',: .. .. . ...................... p.407 
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Plate -LIX. 
Ele.phas 'primigenius. Part of right side 'of ·lJ.P-
per jaw, with th!Ol much-worn s,econd' molar 
and the unworn third molar; x 1/ 3. Speci-
:q1en found; ip, Milwaukee and now in the Pub-, 
lic Museum. , .. . ........... . ... : ........ ~ p. 409 

Pla.te LX. , 
Elephas primigenius.. Restoration based on 
cadavers found in Siberia. Courtesy of Dr. 
E.Pfizenmayel', Tiflis, Russia ... ' ........... p. 409 
~.~--- ~-.,-. ~--
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· . 
Plate LXI. 
Fig. 1. 'Elephas columbi. Side view of skull in Ameri-
can Museum Natural History. x 1/12. State 
of Washington ..................... pp. 399,411 
Figs. 2,3. Elephas colu.mbi. First milk molar. x 1. Aft-
er Leidy ........ . : ................... . ... p. 413 
2. Side view of tooth. 
3. View of grinding surface. 
Fig. 4. Elephas columbi. Upper left second milk mo-
lar. ~1/3. No. 1614, National MuseliIn .... . p. 413 
Figs. 5,6. Elephas colu.mbi. Upper right second milk mo-
lar. x 1/3. Mter Leidy .................. p. 413 
5. Inner face of the tooth. 
6. Grinding face. 
Figs. 7,8. Elephas columbi .. Lower left second milk mo-
lar. x 1/ 3. No. 6662, "National Museum .... p. 413 
7 . . View of outer: face . . 
S. View of grinding surface. 
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.. 
Pla.te LXII. ' 
Fig" 1. . Elephas columbi . . Upper third milk molar.. x ' 
1/3. From specimen in I>hil~delphia Acad-
emy. Found at Big Bon~ Lick, Kentucky .. 
' . .... . .................... :. .... : ..... pp. 414,418 
Fig. 2. Elephas columbi. Lower third milk molar. x . 
1/ 3. Old Crow river, Yukon Territory. No. 
6669, National Museum .... ................ p. 415 
Fig. 3. Elep,has colwmbi. Lower right milk molar, sup-
\ - posed to be the third. x 1/3. No. 6052, N a-
" tional Museum ..................... ~ ...... p. 415 
.).,.. \ 
, . , .. 
, . ,, ' 
Figs. 4,5. Elephas ·colwmbi. Lower left first m~lar. x 
1/3. No. 2256, Nati<mal Museum .......... p. 416 
4. Tooth showing left, or outer, face. 
5. View ()f the grinding face. " .'. 
. . 
Fig. 
~~ , . 
6. Elephas columbi. Lower right second molar. 
x 1/3. Presents inner face .. !~ No. 2554, N a-'f 
'tionalMuseum , .... ~ .. .... : .. ........ . .... p. 418 
• ~ 1 • 
• "l), .... ~ .. ,' I 
f,~ .. ~. "i-~' '. \ 626 
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Fig. 
Fig. 
. Fig. 
. Fig. 
, , 
Plate LXIII. 
1. Elephas c.olumbi. Upper molar, believed to be 
the second .. x 113. No. 287, National Mu-
,seum ........... " ........ : ............... p. 417 
2. , Elephas ,columbi. Upper second molar. x 1/ 3. 
' From Logan, Iowa. No. 167, State Univer-
sity of Iowa ............ ~ .......... . . pp. 417) 436 . 
3 . . Elephas columb·i. Lower right second molar . 
x 113. No. 2254,' National Museum ........ p'. ~18 
4. Elephas columbi. Lower left second , molar. ' , 
x 1/3. " From Al~ska. N 01 6668, N ati9nal - . 
Museum ............... : .............. , .. p.418 
. '62'8 
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Plate LXIV. 
Fig. 1. Elephas columbi . . Upper third molar. The ' 
base of this tooth is directed upward. x,l / 3. , 
No. 2247, National Museum ............... . p. 419 
Fig. 2. Elephas columbi. Lower third molar. x 1/ 3. 
, ~ ........ 
From specimen found near Mount Angel, 
Oregon. The grinding surface of this tooth 
is directed upward ......... ~ ... ',' .. pp. 419, 421 
Iowa Geological Survey. Plate LXIV. 
. . 
, Plate LXV. 
Fig. 1. Elephas columbi. Lower right third molar. x 
slightly more than one-third. Little-worn 
tooth from Tipton county, Indiana ...... .. p,·420 
Fig. 2. Elephas columbi. , Part of lower jaw with two 
last molars, FO,und near Mount Angel, Ore- . 
gon. From photograph sent by Rev. Am-
brose Walsh ......... . . .. , ..... . .......... p. 420 
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Plate LXVI. 
i 
Fig. 1. Elephas imperator. Upper left third molar. x 
1/3. No. 2216, National Museum .. '.' .... ; .. p. 422 
Fig. 2. Eleph:as imperator. Lower right last ·molar. 
x 113. Front of tooth toward the left. No. 
2217, National Museum .............. pp. 422, 423 
Iowa Geological Survey. Plate LXVI. 
o 
,. 
/ 
Pla.te LXVII. 
' Fig. 1. Elephas imperator. Grinding surface of the 
tooth shown on plate LX.VI, fig. 2. x 1/3. 
The rear end of this tooth is directed to the 
right ............ ' .................. pp. 422, 423 
Fig. 2. Elephas imperator. Upper right third molar.· 
x .44 . . From Pisgah, Harrison county, Iowa. 
State University of Iowa ............ pp. 426,436 
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Plate LXVIII.' 
Map showing localities in Iowa where remains 
of elephants have been found. ; ... · ......... :p. 427 
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Pla.te LXIX. ° 
. . 
Fig. 1. Elephas primigenius. Part of upper jaw, with 
the right last molar. x about 1/10. No. 294;, 
State University of Iowa .................. p. 431 
Fig. 2. Elephas primigenius. Upper right third molar. 
;X .28. Marble Rock, Iowa ........... 0 •••••• p. 434 
Fig. 3. Elephas primigOenius. Atlas seen "from front. 
x 1/6. No. 314, State University of Iowa ... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. pp. 77, °439 
Figs. 4,5. Elephas primigenius? Right innominate bone 
found near Oskaloosa, Iowa. x .15 .... pp. 79, 440 
4. Seen from front and somewhat below. 
5. Seen from below. 
a. Outer angle of ilium. 
b. Angle which articulates with the sacrum. 
c. Crest of the ilium. 
e. Anterior border of the pubis. 
f. Ischio-pubic symphysis. 
g,g. Ischium. 
h. Ischio-pubic foramen. 
1. Acetabulum. 
I ° 
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Plate 'LXX. 
Figs. 1-4. Castor canadensis. Skull and lower jaw taken 
Fig. 
from a recent specimen. x, about 2/ 5. After 
BaIrd , : .............. '. ' .............. ~ '-" " p. 452 
1. Skull seen from the side. ' 
2. 
3. 
4. 
Lower jaw seen from the side. 
'Skull showing palatal view. 
Lower jaw seen from above. 
" 
5. Castor canadensis. Part of lower jaw and 
three teeth. x 1. Pleistocene. No: 349, 
State University of Iowa .............. .... p. 454 
Iowa Geological Survey. Plate LXX. 
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Plate LXXI. 
" 
I 
1 
/ 
/1 
.' 
,Figs. 1,2. Castoroides ohioensis. SkUll and lower j~w . .'" 
\ 
I 
\ 
No. 1634, National Museum. 
1. Skul~ , presenting a view of the , palate. ' x .36. 
From Logansport, Indiana ........... : ... , :p. 463 
2 . . Lower jaw of the mounted specimen at Earl-
I ham College: Seen from above. x 2/5 .. : : .. p. 466 
) 
( 
, J 
\ 
, 
. , 
oj 
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.. 
Plate 'L:XXII:' " 
.' 
Fig~.1-4. Castoroides ohioensis., Three views and a sec-
tion of part of 'an,' upper left incisor ' found 
near Oakland, Pottawattamie 'county, Iowa. 
Fig. 
Fig; 
1 · . " . , , . ' -, - 467 x ...... . ........ ............... . ........ p. 
. . ,. . .. ~ 
1. Tooth showing outer.face. 
2. Part of the same tQoth,' showing the inner face. 
3. ' . Part' of the same tooth, seen from in front. , . 
4. Section across the same ·tqoth, the . inp.er . face 
5. 
6. 
being directed towards. ~b.e left, the ·front di-
rected above. xL. :.'.,: .: ..... . ............. p. 467 
Castoroides ohioensis. Section of left upper 
incisor of specimen in Americim Museum of 
Natural History . . ' Placed as ' in Fig. 4. xL 
From Berrien county, Michigan .. ......... p.467 
Section of left lower incisor of same speci-
men. The left, or outer, face- is toward the 
right. xl ............... ::........... .. p. 467 
Fig~ . 7,8. Castoroides ohioensis." Grinding surfaces of 
, , upper and lower teeth. x 1. From Moore. 
7. 
". ._/ ~ ." 
U p,per teeth . ::: ... ::: ............. : ...... . p. 459 
I ' 
8: Ldwer teeth ....... : : : ........ . ... . : ....... p. 460 
. ' 
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Plate LXXIII. 
i . 
Figs. 1-4. Sylvilagus', floridanus. Views of the skull and, 
. lower j~w. x 1. No. 189514, National .Mu~ 
\ 
\ 
• 
~ 
• I 
. ... ~:.. 
seum ............... ... , .. ........................ pp'. 470, 472 
1. Skull seen from above. 
2. Skull and lower jaw.seen from .the side. 
3. Skull showing palatal view. 
4. Lower jaw seen from above. 
I 
Figs. 5,6. Sylvilagus flor:jdanus. Vie;s of the grinding 
surfaces of the upper and the lower teeth of 
the right side. x 2. From Lyon ....... pp,,470, 472 
5. Upper teeth . 
. 6. Lower teeth. 
Fig. 7. Ursus americanus. Lower jaw. x 3/ 5 ........ p. 476 
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Plate LXXIV. 
Figs. 1-4. Mephitis mephitis. Views of-skull and lower 
jaw. x 3/ 4. No. 110191, National Museum . . p. 481, 
1. Side view of s~ull and lower jaw. 
2. View of skull from above. 
3. View of skull from helow. 
4~ View of lower jaw from above. 
Figs. 5,6. Views of upper and lower jaws to show teeth. 
x 1.4 . ............ . .. . ....... ; . .. ' ... ' . .... p. 481 
5. View: of palate and upper teeth. 
6. View of lower teeth. 
Ffg: 7: Cam.elops kansamts . . :Lower left last mola,r. x 
L .: .... , .................. . ',' . . ... pp. 239, 243 
, , 
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Pla.te LXXV. 
/ 
Figs. 1-5. Canis latrans . . Views of skull and lower jaw.· 
.X 1/2. Specimen i~ National Museum ...... p. 491 
1. Skull seen from left side. : . 
2. Lo~er jaw seen from the le,.ft side. , 
3. Skull seen from above. . 
4. Skull seen-fr<;>m -below. _-
5. Lower jaw seen from above. 
( 
.. 
/ 
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, INDEX 
A 
Adel, fossil elephant at, 78, 382 
,Afton Junction, deposits at, 52 
Aftonian at Lawrence, Kansas, 202 
in Lincoln county, 'South Dakota, 
n 
in Union county, South Dakota, 72 
Aftonian stage, 13, 23, 50 
vertebrates in" 26 
Aftonius, genus defined, 286, 
.t1ttonius calvini, 286 
supposed cannon·bone of, 290 
Akron, qeposits and fossils at, '58, 377 
388 
Alaska, camel from, 230 
Albia, deposits and fpssiis at, 67 
Albion, deposits and fossils at, 70, 441 
Alces, genus, 245, 297 
Alces am~ricanus, 26, 259, 266, 270, 272, 
273 
brevitraba~is, 273 
machUs, 269 
semipalmatus, 273 
shimeki, 272 
Aldrich, Chas., found bison horn, 323 
"Allamakee county, elephants in, 76, 427 
Allen, G. M., on: ~ylodo,n, 143 
Allen, J. A., cited, 250, 260, 284, 313 
aZZeni, Bison, 309, 310, 326 
American beaver, 452 
bison, 310 
elk, 252 
mastodon, 330 
americana, .t1ntiZOcapra, 284 
americanum, Mammut, 330, 375 
americanus, Alces, 259, '270 
' americanus; Cervalces, 2'61, 266 
americanus, Equus, 157 
americanus, Ursus, 475, 476, 478 
Anchitheriinre, 146 
Antilocapra, genus defined, 284 
Antilocapra americana, 250, , 28~ 
Antilocaprinre, 283 
antiquu~, Bison, 309, 317, 318 
Arabian horse, 165 
arcticus, Rangiter, 275, 280 
Arey, M. F., papers of, 87 
Artiodactyla, defined, 210' 
Auchenia, 230, 231 
Auchenia hesterna, 232 
huerfanensis, 232 
Avon, deposits and fossils at, 65, 281 
Bain, H. F., on old forest, 24 
, papers of, 87, -90 
Barbour, E. H" on elephant, 74, 445 
Bear, Brown, 475, 476, 478 
Bear Grove, fossils found at, 85, 316 
Bears, 474 
Beaver, giant, 455 
Beavers, 451, 452 
Benton county, mastodon in, 80, 380 
Bertram, fossils found at, 83 
Beyer, S. W., papers of, 88 
Big-Rock, fossil found at, 75, 447 
Bison, genus, 296, 308, 309 
teeth of, 259 
Bison aZZeni, 309, 310, 326 
antiquus, 309, 317, 318 
biSon, 108, 309, 310, 320 
crassicornis, 309; 310 
ferox, 309 
kansensis, 202 
latifrons, 309, 310, 323, 327 
occidentalis, 43, 310', 318, 319, 321, 322 
regius, 309, 310, 327 
species undetermined, 56, 85, 316 
Black Hawk county, fossils found in, 
75, 84, 316, 428 
Blue Grass, deposits at, 66 
Booidea, ·superfaIl).ily defined, 244 
,Boone county, fossils found in, 78 
Bootherium, 291 
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Bootheriurn bombifrons, 291, 292, 305 
sargenti, 304, 305 
borealis, Cervalces, 263, 269 
Bos, genus, 296 
Bovidre, definition .of, 282 
Bovinre, definition of, 308 
brevitrabalis, ..4.lces, 273 
o 
caballus, Equus, 146, 175, 188 
californica, ..4.uchenia,230 
Call, R. E., papers of, 88 
Calvin S., cited, 20, 22, 35, 88, 89, '90, 
142, 149, 168, 198, 240, 241, 249, 
260, 266 ' , 
calvini, ..4.ftonius, 286 
Camelidre, family defined, 229 
Camelinre, subfamily defined, 230 
Cameloidea, superfamily defined; 228 
Camelops, genus defined, 230 
Camelops hesternus, 231 
huerfanensis, 231, 235, 327 
kansanus, 231 
Camels, 228 
Camelus, 240 
campestris, Lepus,. 473 
canadensis, Castor, 452 
canadensis, Cervus, 252, 272 
Canadian porcupine, 33 
Canidre, 483 
Canis, 484 
Canis dims, 108, 484, 485, 486 
latrans, 491 
mississippiensis, 484, 485, 486 
lupus, 485, 4~6 
occidentalis, ,490 
Caprinre, subfamily defined, 286 
Caribou, 34, 43, 274 
caribou, Rangifer, 274, 279 
Carman, J. E., papers by, 90 
Carnivora, 474 
Carroll, deposits at, 36, 65 
Carroll county, deposits and fossils ill, 
65,381 
Castana, deposits and fossils at, 59, 387 
Castor, 452 
Castor canadensis,. 452 
Castoridre, definition of, 451 
Castoroides, 274, 455 
Castoroides ohioensis; 82, 456 
Castoroididre, definition of, 455 
cavifrons, Symbos, 42 
' Cedar county, elep'hant in, 77, 428 
Cedar Rapids, fossil found at, 80, 438 
Cerro Gordo county, fossils found 'in, 
22, 75, 85, 429 
Dervalces, 'genus, 245, 261 
Cervalces borealis, 263, 269 
roosevelti, 56, 266 
scotti, 261, 268, 270 . 
Cervidre, family defined, 245 
Cervinre, defined, 245 
Cervus, g'enus, 245, 252 
Cervus americanus, ' 262 
canadenSiS, 250, 252, 272; 297 
fortis, 252 
muscatinensis, 279 
Chamberlin, T. C., books ' and papers 
of, 90 
Chamberlin and Salisbury, . Geology 
of, 9 
Champlain stage, 10, 49 
Cherokee county, elephants in, 76, 429, 
430 
Clarinda, fossil found at, 78, 388 
. Claypole, E. W.,"on Mega1.onyx, 10'8, 110 
Clayton county, fossils, 83, 381, 430 
Clear Lake, fossils found at, 22, 75, 429 
Clermont, fossil found at, 22, 297, 433 
Clinton county, fossils found in, 75, 80, 
430 
columbi, Elephas, 333 
columbianus, Odocoileus, 24.6 
complicatus, Equus, 157, 166 
compressus, Platygonus, I 218 
Conard fissure, animals of, 31, 32 . ,-
Cope, E. D., on fossil species, 148, 248, 
273 
Cordilleran center, 13 
Correctionville, deposits and fossils at, 
. 74, 281, 282, 325 
Council Bluffs, deposits ' and fossils at, 
22, 53, 305, 444 . 
Coyote, 491 
Cragin, F. W., on fossil camel, 234 
crassicornis, Bison, 309, 310 ' 
Crawford county, depOSits and .fossils 
in, 55; 56; 266, 315, 325, 382, 431 
INDEX 657 
D 
Dallas 'county, fossil found in, 78, 382 
Dalton, deposits at, 69 
Davenport, deposits and fossils at 32 
62 , " , 
Davis county, fossils found in, 81, 432 
Decatur county, deposits and fossils in 
69 ' 
Deer family, defined, 245 
Delaware county, deposits and fossils 
in, 69, 178 
Deloit, bison at, 56 
I?enison, deposits' and foMils at, 55, 
266, 325, 382, 431 
,Denmark, depoSits at 71 
Dental formula, eXPI~ined, 103 
depressitrons, Oyops, 218 ' 
Des Moines, deposits and fossils found 
at, 36, 64 
Des Moines county, deposits and fos-
, sils in, 57, 58, 62, 217, 225, 432 
dirus, Canis, 484, 485, 486 
,Dogs, wolveS,and foxes, 483 
dolichopsis, OdocoiZeus, 246 
Doon, fossils found at 83 
Driftless area, loess in: 40 
Drift sheets, 10, 11 
Dubuque county, fossils found in, 82, 
127, 214, 432 
Duplicidentata, 450, 468 
E 
Edentata, definition of 103 
Elqon, fossil found at, '86, 391 
Elephant in loess, 43 
Elephant, recent, measure~ents of, 331 
Elephantidre, definition of, 329 
Elephants, 328 ' 
Elephants and mastodons, osteology of 
329 ' 
Elephas columbi, 333 
i mperator, 421, 425 
primigenius, · 33, 353, 354, 355, 357, 
362, 363, 372 
Elk, 252, 274 
ensifer, Odocoileus, 246 
Eohippus, referred to, 146 
Equid;e, defined, 145 ' 
Equinre, defined, 146, 151 
Equoidea, defined, 145 
Equus, genus, 146, 151 
Equus americanus, 157 
caballus, 165 
compli'catus, 157, 166, 178; 193, 201 
excelsus, 170, 186, 190,374 
traternus, 158/ 159, 178 
intermediu's, 159 
laurentius, 178, 201 
major, 158, 161 
niobrarensis, 170, 191, 195, 198, 206, 
207 
pectinatus, 174 
scotti, 164, 174, 175, 176, 179, 187, 199, 
207 
Euceratherium, genus, 291 
Even-toed Ungulates, 143, 210 
excelsus, Equus, 170, 186, 190, 374 , 
F 
Fairview, South Dakota, section at, 73 
Fayette, deposits at, 66 , 
Fayette county, deposits and fossils in 
22, 62, 66, 81, 82, 297, 433 ' 
Ferre, definition of, 474 
t erox , Bison, 309 
Fissip.edia, defined, 474 
Fitzpatrick, T. J., paper by, 91 
tloridanus, SylviZagus, 472, 473 
Floris, fossils found at, 81, 432 
Floyd, bison found near, 85 
Floyd county, fossils found in 60 85" 
316, 434 ' " 
Food of mastodon, 367 
Fort Dodge, Aftonian at, 71 
tortidens, Rangiter, 281 
tor.tis, Cervus, 252 ' 
Fossils in loess, 42, 43, 47. 48 
Foxes, wolves and dogs, 483 
Franklin county, deposits and fossil 
in, 84, 434 
traternus, Equus, 158, 159, 178 
G 
·garmani, Mylodon, 143 
Gass, T., reported elepha~t 448 
Geikie, 'James, paper by, 9i 
• 
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Giant beavet:, 82, 274, 455 
Gidley, J. W., discovery of horses, 179 
Glacial epoch, 12, 13 
stages, 13, 49, 50 
Glaciation, 10 
Glacio·lacustrine' stage, ' 12 
Gladwin horse, 58, 168 
Glenwood, fossils found at, 77, 441 
Goats and sheep, 286 . 
Gow, J. E., paper by, 91 
• Grand Vi'ew, deposits and fossps at, 
'68, 386 
Granite, section and fossil at, 73 
gratum, Neohipparion, 53, 149 
Gravigrada, defined, 105 
Gre~ne county, fossil in, 78, 382 
Ground-sloths, 105 
Grypotherium, skin of, 140 
Guthrie county, bison in, 85, 316 
H 
Hamilton county, fossil found in, 35, 
82, 323 
Hampton, fossils and deposits in, 84, 
434 
Hapalops, reference to, 122, 128 
Hardin county, bison in, 315 
Hares, 468 
Harlan, R., on megalonyx, 122 
harlani, Mylodon, 132 
Harrison count:}", deposits in, 53, 54, 
55, 57, 67, 68 
Harrison county, fossils found in, 54, 
55, 56, 57, 130, 142, 166, 168, 171, 
172, 174, 178, 190, 198, 199, 200, 201, 
.209, 240, 242, 260, 272, 286, 3(}6, 314, 
3.15, 327, 383, 425, 427, 435, 436, 454, 
476 ' 
Hay, O. P., Bibliography and Catalogue 
of,91 
Hay Springs, Nebraska, vertebrats at, 
26, 189, 193, 205 ' 
hemionus, Odocoileus, 246 
Henderson, Kentucky, megalonyx at. 
108 
Henry county, fossils found in, 80, 81, 
384 
Henton Station, fossils found at, 83 
176, 202, 241, 242, 441 
Herrmann, Richard, on fossils, 76, 433 
hesterruz, Auchenia, 230, 232 
hesternus,. OameZops, 233 
hesternus, HOJomeniscus, 232 
Hilgard, E. W., paper by" 91 
. Hippa.rion, 147 
Hogs, 211 
Holomeniscus, genus of camels, 230 
HoXomeniscus hesternus, 232 
sulcatus, ,232, 238 
Hoofed mammals, even-toed, 210 
Hoofed mammals, odd-toed, 143 
Horse, Gla!lwin, 168 , 
Horses, defined, 145, 151, 156 
huerfanensis, Auchenia, 230, 232 
huerfanensis, Oamelops, 235 
Hyracoth'e~iinre, 146 
Hystricomorpha, 450 
I 
Ibex, cannon-bone of, 289 
Ida county, fossil found in, 86 
Illinoian drift, 18 
stage, 13, .17,19,50 
imperator, Elephas, 421 
Indianola, fossils found at, 84, 447 
Interglacial stages, 23, 45, 48: 50 
intermedius, Equus, 159 
Iowa county, fossils in, 74, 436 
Iowan drift and loess, 19, 20, 39 
stage, 13, 19, 49 
J 
Jackson county, fossil found in, 80 
Jefferson county, fossil found in, 76, 437 
j effersonii, MegaZonyx, 107, 127 
J erseyan stage, 14 
Johnson county, deposits and fossils in, ' 
60, 66, 67, 437 ' 
Jones, Prof. Lynds, on bisoI)., 30'8 
K 
Kansan drift, 16 
stage; 13, 15, 50 
kansanus, Oamelops, 231, 232 
kansensis, Bison, 20'2 
Kay, G. F., reported fossils; 70, 243 
Keewatin center, 11 
Keyes, Charles, papers by, 91 
" ' 
INDEX . 659 
L 
Labradorean center, 11 
Lagomorpha, 450, 468 
Lake ,View, fossil found at, 76, 446 
Lam,,"s, 228 
latifrons, Bison, 309, 310, 323, 327 
latrans, Oanis, 491 
laurentius, Equus, 201 
Lee county, deposits and fossils in, 65, 
66, 71, 77, 80, 201, 437 
Leidy, J., on fossil vertebrates, 108, 109, 
161, 213, 218, 279 
Leighton, M. M., paper by, 91 
~ Le Mars, depos~ts and fossils at, 69 
lenis, Tayassu, 213, ~17 
Leonard, A. G., papers by, 91 
lcptorh-inus, Platygonus, 221 
Leporidal, 468 
Lepus, definition of, 471 
Lepus campestris, 473 . 
sylvaticus, 472 
Leverett, F., dted, 9, 20, 28, 29, 62 
books and papers by, 92 
Lincoln county, South Dakota, 73 
Lindahl, J., on megalonyx, 113 
Linn county, fossils found in, 80, 83, 
84, 438 
List of publications on Pleistocene, 87 
Loess, description of, 38 
Logan, deposits and fossils at, 54, 436 
longic,eps, Hapalops, 122 
Louisa county, deposits and fossils in, 
68, 69, 70, 71, 72, 73, 84, 438 
Loveland depOSit, 17, 43 
lupus, Oanis,. 485, 486 
Lydekker, R., on horses and on moose, 
146,261 
Lyon county, deposits and fossils in, 
72, 73, 77, 83, 439, 440 
Lyon, M. W., cited, 283, 469 
M 
Macbride, T. H., cited, 92 
McCall, Henry, finds bison skulls, 314 
McGee, W J, cited, 42, 92, 178, 305, 
306, 316 
mach-lis, .A.lces, 269 
macrocephalus, Holomeniscus; '230 
macrops, Euchoerus, 218 
macro tis, Oervus, 251 
Mahaska county, elephant in, 79, 440, 
441 
major, Equus, 158 
Malvern, deposits and fossils at, 71 
Mammalia, definition of class, 102 
Mammals, fossil, 10, 26, 31, 38 
Mammals of the Pleistocene, 101 
Mammut, definition of, 33()' 
Mammut americanum, 330, 375 
progenium, 57, 368 
Mapleton, deposits at, 55, 442 
Maquoketa, fossil found at, .80 
Ma,rble Rock, deposits and fossil at, 
60, 434 
Marengo, fossil at, 74, 436 
Marshall county, deposits and fossil in, 
70, 441 . 
Marshall, J. E., sent horse teeth, 176 
Mason City, fossil at, 85, 429 
Marsupialia, order of, 102 
Mastodon, American, 330 
Mastodon mirificus, 373, 377 
shepardi, 373 
Mastodons, definition of, 328, 330 
Mastodons, food of, 367 
Mastodons in Iowa, 379 
Mather, 'Cotton, described mastodon, 
331 
Megalomeryx niobrarensis, 232, 235, 238 
Megalonychidal, 105, 106 
Megalonyx, defined, 106 
. in Iowa, 127, 131 
Megalonyx jeffersonii, 107 
leidyi, 113 
Megatheriidal, 10l? 
Melinal, 480 
mephitica, Mephitis, 480, 481 
Mephitis, 480 
Mephitis mephitis, 480, 481 
putida, 481 
Merriam, J. C., on Oamelops hesternu:" 
232 
. Millimeter, defined, 112, 497 
Mills county, deposits and fossils found 
'in, 43, 58, 71, 77, 83, 127, 168, 176, 
208, 226, 241, 242, 441 
'mirificus, Mastodon, 373, 374, 377 
mirificus, Rhabdobunus, 373, 37:4, .377, : 
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mississippiensis, Oanis, 484, 485, 486 
missouriense, Orycterotherium, 136 
Missouri Valley, deposits and fossils 
found at, 54, 242, 243, 244, 272, 286 
Mrerotheres, 328 
Monona county, deposits and fosslls 
found in, 46, 54, 55, 59, 64, 67, 68, 
74,167, 175, 176, 191, 200, 209, 241, 
243, 244-, 249, 260, 289, 314, 442 
Monroe county, deposits and fossils 
in, 67 
Montgomery county, . elephant in, 86, 
442 
Montpelier, deposits and fossils at, ·64 
Montrose, fossils found at, 77 
Moose, Roosevelt's Pleistocene, 266 
Moose, Scott's, 261 
Morning Sun, deposits at, 72, 73 
Morse, N. C., sent bison s.kull, 316 
Mount Pleasant. fossils found at, 80, 
384 • 
Murray Hill, deposits at, 53 . 
Muscatine, deposits and fossils at, 28, 
61, 278, 443 
Muscatine county, deposits and fossils 
found in, 34, 43, 61, 64, 79, 279, 281, 
442 . 
muscatinensis, Oervus, 279 
muscatinensis, Rangifer, 277, 278, 443 
Musk-ox, 22, 82, 274, 290, 308 
definition of, 290 
Mustelidre, 479 
Mylodon, defined, 131 
distribution, 132 
habits of, 140 
in Iowa, 142 
Myloaon.garmani, 143 
harlani, 132 
robustus, 137, 138 
Mylodontidre, 105, 131 
Myl6hyus, genus defined, 212, 225 
Mylohyus nasutus, 226 
. temerarius, 226 
Myomorpha, 450 
N 
nasutus, Mylo·hyu'S, 226 
Nebraskan stage, 13, 14, 50 
Nelson, E. W., on rabbits, 469 
Neohipparion, 146, 147 
Neohipparion gratum, 149 
New Vh'ginia, fossil found at, 78, 391 
niobrarensis, Equus, 170, 179, 191, 198 
niobrarensis, Megalomeryx, 232 
NorriS, H. W., reported elephant, 445 
Norton, W. H ., papers by, 93 
o 
Oakland, fossil found at, 82, 467 
occiaentalis, Bison, 43, 310, 318, 319, ' 
321, 322 
occiaentaHs, Oanis. 490 
Ochotonidre" 468, 469 
Odocoileus, 245, 246 
Oaocoileus hemionus, 251 
virginianus, 108, 246, 251, 
whitneyi, 250 
ohioensis, Oastoroiaes, 456 
One-toed horses, 151 
Opossum, 102 
Orr, E., paper by, 93 
Orycterotherium missouriense, 136 
Osborn, H. F., referred to, 93, 254 
osborni, Rangifer, 281 
Osgood, W. H., on Symbos, 298 
Oskaloosa, fossil found near, 79, 440 
Ottumwa, fossil found at, 22, 78 
Ovibos, 293, 304 
Ovibus moschatus, 22, 79, 82, 293, 301, 
303, 307 
Ovibovinre, definition, 290 
Owen, Luella S., papers by, 93 
Owen, Richard, reference to, 133 
Oxen, definition, 30'8 
Ox-like mammals, 244, 2'82 
Ozarkian stage, 10, 50 
p 
Page county, mastodon in, 78, 388 
Palreomastodons, 328 
Paramylodon, 131 
Peccary and peccaries, 58, 82, 211, 212, 
214, 225 
pectinatus, Equus, 174 
Peoria, Illinois, section at, 35 
Peorian stage, deposits and animals of, 
13, 35, 36, 37, 44, 49 
Per.issodactyla, defined, 143 
Persia, Iowa, pit at, 68 
INDEX 66J. 
Pisgah, deposits and fossils at, 56, 171, 
240 
Platygonus, genus defined, 212, 217 
Platygonus compressus, 218, 220, 225 
Zeptorhinus, 221, 222 
Pleistocene, .definition, 10 
divisions, 12, 49 
literature; 9, 87 
Plymouth county, deposits and fossils 
in, 58, 69, 70, 131, 388 
Polk county, deposits and fossils in, 64, 
65, 76, 318, 443 
Postville, fossils found at, 76, 427 
Post-Wisconsin, life of, 31 
Post-Wisconsin loess, 47 
Pottawattamie county, deposits and 
fossils in, 22; 42, 43, 53, 54, 69, n, 
82, 305, 323, 444, 466, 467 . 
Poweshiek county, fossils found in, 73, 
. ' 308,444 
Prairie wolf, 491 
Pratt, W. H., cited, 63, 93, 446 
Preptoceras, 291 
Pre-Wisconsin, life of, 30 
primiQenius, EZevhas. 333 
prismaticus, Protochoe1'us, 218 
Proboscidea, definition, 328 
progenium, Mammut, 368 
Pronghorn antelope, 284, 285 
Protohippinre, defined, 146 
Pumpelly, R., paper by, 93 
putida, Mephitis, 481 
Q 
Quaternary, divisions, 49 
R 
Rabbits, 468 
Rangifer, '43, 61, 65, 245, 269, 273 
Rangifer arcticus, 275, 276, 280 
caribou, 274 . 
caribou syZvestris, 276 
fortid-ejt8, 281 
muscatinensis, 65, 278 
osborni, 281 
tarand-us, 274 
Red Oak, fossil found at, 86, 442 
, regius, Bison, 309, 310; 3Z7 
Reindeer, 274 
Rhabdobunus, 373 
Rhabaobunus mirificus, 59, 373 
Rhinoceroses, none in Iowa, 210 
Rhinocerotoidea, superfamily, 210 
Rippey, fossil found at, 78 
River Junction, fossil tusk at, 60 
robustus, MyZod-on, 122 
Rockport, Missouri, camel from, 243 
Rock Rapids, fossils found at, 77, 439 
Rodentia, definition, 449 
Rodney, deposits at, 54, 59 
rooseveZti, OervaZces, 266 
Roosevelt's Pleistocene moose, 266 
s 
Sac county, elephant in, 76, 446 
Salem, fossil found at, 81, 385 
Salisbury, R. D.; papers of, 90, 93 
Sangamon stage, deposits and fossils of, 
13, 29, 30, 34, 45, 46, 50 
Savage, T. E., papers by, 94 
Scaphoceros tyrreZZi, 298 
Sciuromorpha, 450, 451 
Scott county, deposits and fossils of, 
63, 64, 75, 77, 446 
scotti, OervaZces, 259, 261, 266 
scotti, Equus, 168, 190 
Scott's Pleistocene moose, 261 
,Scott, W. B." cited, 10'6, 228 
Selma, fossil found at, 81, 391 
semipaZmatus, AZces, 273 
Sheep and goats, 286 
Sheep, cannon-bone of, 289 
Shellsburg, fossil found at, 80 
shepard-i, Mastod-on, 373 
Shimek, B., 'cited, 24, 34, 42, 43, 44, 
48, 61, 63, 94, 95, 260, 314 
,shimeki, AZces, 272, 273 
Simplicidentata, 450 
Sioux City, deposits and fossils at, 57, 
, 128, 176, 207 
Sioux county, deposits in, 73 
Skunks, 479, 480 
Slothlike animals, 103 
Smithland, deposits at, 57 
Sol Smith Lake, deposits at, 67 
South Omaha, sections and fossils at, 61 
Springville, fossil found at, 80, 385, 438 
Steneofl.ber, 451 
Stookey, S. W., papers by, 95 
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Story county, elk in, 82, 260 
Suidre, 211 
sulcatus, Holomeniscus, 232 
Suo idea, superfamily, 211 
sylvaticus, Lepus, 472 
sylvestris, Rangifer, 276 
Sylvilagus, definition, 471 
Sylvilagus floridanus, 472, 473 
Symbos, 298 
Symbos cavifrons, 22, 42, 48, 55, 291, 
298, 300, 302, 303, 304 
tyrrem, 298, 300, 302, 303, 304 
T 
Tama county, deposits and fossils in, 
62, 447 
Tapiroidea, superfamily, 209 
Tapirs, defined, 209 
Tapirus haysii, 10'8 
tarandus, Rangifer, 274 
Tayassu, genus defined, 212 
Tayassu angulatum, measurements, 215 
lenis, 213 
Tayassuidre, 212, 213 
temerarius, Mylohyus, 226 
Thayer, deposits and fossils at, 62, 
. 160 . 
Thomas, A. 0., on fossil elephant, 60 
Tilton, J. L., cited, 65, 95, 96, 307, 316, 
448 
Todd, J . E., cited, 77, 96, 97, 98 
Toledo, deposits and fossils at, 62 
Toronto, Canada, fossils at, 34, 269,274 
Turin, deposits and fossils in, 58, 176, 
241, 243, 244 
U 
Udden, J. A., cited, 24, 29, 43, 70, 98, 9"3 
Union county, Iowa, deposits and fos-
sils in, 52, 53, 160 
Union county, South Dakota, 72 
Ursidre, 474 
Ursus, 475 
Ursus americanus, 476, 476, 478 
v 
Van Buren county, mastodon in, 80, 
81, 391 
Vertebrata, in 'Aftonian, 26 
at Hay Springs, Nebraska, ,26 
in Lead region., 38 
Virginia deer, 246' 
virginian us, Odocoileus, 246, 254 
vitakerianus. Holomeniscus, 230 
W 
Wabash stage, 12, 13, 37, 49 
Wapello, Louisa county, deposits and 
fossils ' at, 70, 71, 438 
Wapello county, deposits and fossils 
in, 22, 78, 79, 86, 297, 391 
Wapiti, ~52' 
Warren county, deposits and fossils in, 
78, 84, 86, 87, 307, 308, 447 
Washingto~ county, elephants in, 448 
Waterloo, fossils found at, 75,.428 
Webster City, fossil found at, 82, 323 
Webster county, deposits and fossil 
, in, 71, 316 
West Amana, section at, 3,6 
West Point, section at, 29· 
White, C. A., report by, 99 
White-tailed deer, 246 
Whitney, J. D., reports by, 99 
wMtneyi, OdocoiZeus, 246, 250 
Wilder, F. A., cited, 99, 315 
Williams, I. A., paper by, 99 
Wilton, fossil found at, 79, 388 
Winchell, N. H., paper by, 99 
Winthrop, fossil found at, 85 
Wis~onsin stage, 13, 20, 39, 49 
Witter, F. M., cited, 43, 99, 250, 279, 
281, 483 . 
Woodbine, deposits at, 55, 306 
Woodbury county, deposits and fossils 
in, 22, 34, 57, '74, 75, 128, 176, 207, 
226, 281, 325, 449 
Wortman, J. L., on camels, 230 
. Wright, G. F., papers by; 99 
Wyman, J., cited, 214, 249, 250 
x 
Xenarthra, 103 
y 
Yarmouth, deposits and fossils at, 27; 
62, 472, 481 
Yarmouth stage, 13, 27, 44, 46, 60 
